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Reddy Chirra improves his vision with 
an Apple. 

Reddy is an optical engineer who’s 
used to working for big companies and using big 
mainframes. 

But when he started his own consulting 
business, he soon learned how costly mainframe 
time can be. So he bought himself a 48K Apple II 
Personal Computer. 

And, like thousands of other engineers 
and scientists, quickly learned the pleasures of 










cutting down on shared time (p and having his 
own tamper-proof data base. 

His Apple can handle 
formulas with up to 80 vari¬ 
ables and test parameters on! 

250 different optical glasses. 

He can even use BASIC, FORTRAN, 

Pascal and Assembly languages. 

And Apple’s HI-RES graphics come in 
handy for design. 

Reddy looked at other microcomputers, but 
chose Apple for its in-depth documentation, 
reliability and expandability. 

You can get up to 64K RAM in an Apple II. 
Up to 128K RAM in our new Apple III. And 
there’s a whole family of compatible peripherals, 
including an IEEE-488 bus for laboratory 
instrument control. 

Visit your authorized Apple dealer to find 
out how far an Apple can go with scientific/ 
technical applications. 

It’ll change the way you see things. 

The personal computer. JtCipplG 


for the authorized dealer nearest you, call (800) 538-9696. In California, call (800) 662-9238. Or write: Apple Computer Inc., 10260 Bandley Dr., Cupertino, CA 95014. 
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IF YOUR VIDEO 
INVESTMENT IS SHOWING 
DIMINISHING RETURNS, 




your picture could be suffering from dropouts or 
bleeding colors. Annoying problems you didn't 
bargain for when you invested in your video 
equipment. Before you go out and junk your deck, 
think about this. The wrong videotape can turn 
your investment into a loss. 

It's just the way the system 
works. Tape passes along 
video heads that spin 30 
times a second. The result¬ 
ing friction can cause oxide 
particles to shed, and drag 
parts of the picture along 
with them. You're left with 
dropouts. Or bleeding col¬ 
ors caused by poor signal- 
to-noise ratio. Or other 
video headaches. 

THE SOLUTION 
IS SUPER AVILYN. 

For the First few plays, 
all quality videotapes can 
perform well. Crisp images. Bright colors. A steady 
picture. But wait until the tape has been played a 
few times. That's when one really starts to show its 
worth. TDK Super Avilyn. It handles the rigors of 
videotaping, and triumphs. 

Super Avilyn high energy tape particles are an 
optimal size and shape for perfect alignment, giv¬ 
ing superb signal-to-noise ratio. They're densely 
packed and secured on the tape surface, which is 
polished mirror-smooth. The particles are there to 
stay, even under their severe working 
conditions. So your pi 
there to stay. 

Surrounding the 

tape is TDK's super mtTO 1^ 

precision mecha- ® 1 

nism. It gives jam- 
proof performance 


and excellent tape-to-head contact. 

With all this going for us, it should come as no 
surprise that TDK knows video inside and out. We 
were involved in the earliest stages of home video, 
and have participated in every step of its develop¬ 


ment. Today TDK supplies component parts, in¬ 
cluding video heads, to major VCR manufacturers. 
So it stands to reason Super Avilyn is remarkably 
compatible with just about any VCR you can buy. 

Look at it this way. Once you know how your deck 
works, you'll see that the future of your video in¬ 
vestment really depends on the tape. With Super 
Avilyn, you'll see the dividends, again and again. 


THE VISION OF THE FUTURE 


SUPER AVILYN 
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WHY K40 
BECAME THE 
LARGEST 
SELLING 
CB ANTENNA 


IN JUST 
ONE YEAR! 

gee**** 



AN AMERICAN MADE PRODUCT 
FROM AN AMERICAN COMPANY 
Call your local CB Dealer 
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Mickey Mouse in the Courthouse 


In 1976, when about 30,000 video 
cassette recorders were sold, Walt Dis¬ 
ney Productions and Universal City Stu¬ 
dios instituted a copyright infringement 
suit against the maker of Betamax 
VCRs (the Sony Corporation), as well 
as a consumer who bought one, and oth¬ 
ers to prevent taping shows off the air. 
The U.S. District Court in Los Angeles 
ruled against the plaintiffs. 

Recently, however, the Ninth Circuit 
Court of Appeals ruled that anyone 
copying television programs is breaking 
the law! The 3-0 judges’ vote was based 
on violation of the federal copyright law. 
But this pronouncement, coming at a 
time when some 4-million VCRs have 
been sold, is not the final word, you 
should know. The defendants can still go 
back to the lower court or to the 
Supreme Court or get a rehearing. 



minds. An agreement can be reached 
whereby the tape machine makers or the 
blank-tape makers can pay royalties to 
producing companies whose movies are 
shown on TV. Naturally, this cost would 
be passed along to the consumer, moving 
products beyond the reach of more 
people. Even if this obnoxious “tax” 
were effected, who would receive what 
slice of the money among the many who 
produce films for TV broadcasts? 

A Walt Disney spokesman claimed 
that his company suffers damages if 
people tape one of its TV shows because 
it does not make money on the original 
one, only on repeats or ancillary income 
from prerecorded cassettes and the like. 
In response to this, studies have shown 
that the majority of VCR owners simply 
do not take this recording route. Rather, 
they often have timer devices that ena¬ 
ble them to record a program when they 
can’t be at home to view it or record a 



.Turning to precedents, there’s nothing 
illegal about taping a radio broadcast of 
a recording. Copyright protection was 
granted for sound recording in 1971, but 
Congress specified that this did not 
restrain home audio recording from 
broadcasts (or from records or tapes), 
observing that the practice was “com¬ 
mon and unrestrained today ...” 

Clearly, videotaping can be construed 
simply as an extension of audio taping, 
and Congress should grant an exception 
for the newer technology in the same 
manner as was done for audio. Laws and 
justice must be rendered with the popu¬ 
lace in mind. 

Why not write to your congressman, 
urging him or her to exempt home video 
recording from the copyright laws, rath¬ 
er than remain mute about the subject 
and continue to fill the lawyers’ coffers 
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SOUND UNLEASHED 



You may not realize it, but you've only been 
listening to music in two dimensions. In 
fact, owners of the most sophisticated 
systems utilizing the latest enhancement 
techniques are also only hearing 
two-dimensional sound, totally lacking the 
missing third dimension, Omnisonic 
Imagery™. Even owners of the most modest 
stereo systems will recognize the 801 
Omnisonic Imager™ as one of the most 
significant improvements in music 
reproduction in years. This advance, 
available after extensive research by 
Omnisonix in the field of psychoacoustics, is 
intended to provide the enjoyment and 
feeling of live musical performance. To 
vastly upgrade the performance of your 
stereo system, simply connect the 801 to the 
tape or preamp input/output jacks and 
listen to clear, distinct sound images that 
seem to surround you, even while moving 
about. In fact, the impact is so great that the 
sound seems to come from outside the 


speaker plane, often overhead and 
to the rear. Your home virtually becomes a 
concert hall. 

Hearing is convincing 

To experience the dramatic presence and 
detail that have been missing from your 
records, digitally recorded discs, and 
pre-recorded tapes, take a few of your 
favorites to an Omnisonix dealer for a 
demonstration; you are in for a musical 
delight. And amazingly enough, any tape 
you record through an Omnisonic Imager 
will retain the Omnisonic quality when it is 
played back on a conventional stereo 
system. The 801 Omnisonic Imager also 
adds a dimension to FM, monophonic AM 
and TV sound, with a simple adjustment. 

Highway imagery 
The new Imager 801-A™ does for your car 
stereo what the 801 does for your home 
music system. It raises the sound from the 
floor level to the ear level. The variable 


imager control allows you to vary the image 
to any auto environment. 

Hear what you’ve been missing 
Join the growing thousands of music 
listeners who have found it completely 
affordable to enjoy the delight of Omnisonic 
Imagery and discover what they had been 
missing with conventional stereo. 

Since all Omnisonic Imagers are 
designed and built for lasting performance 
under strict quality control conditions, 
Omnisonix offers a lifetime warranty on the 
active proprietary circuitry. 

Call today, toll free 
1-800-243-0688 

For additional information and the name of 
your nearest Omnisonix dealer. Write: RO. 
Box 430, Northford, Ct. 06472 or call 
203-239-6213 in Connecticut. 

QmNISONIX, LTD. 

Setting Sound Free 
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The ADC Real Time 
Spectrum Analyzer 
clearly indicates 
what you should 
evaluate. 



No matter how 
fine tuned your 
ear might be, it 
takes the elec¬ 
tronic precision 

of our ADC Real Time Spectrum 
Analyzer to give you the true 
picture you need when adjusting 
your room and speakers for op¬ 
timum response. And should your 
surroundings change, it gives you 
a continuous visual reference so 
you can check your system 
and eliminate new acousti- 
cal deficiencies. 

With its built-in pink noise '***' 
generator (so no outside source 
is needed) and calibrated micro¬ 
phone, our full-octave SA- 
actually provides a visual 


tation of the 
changing spec¬ 
trum through a 

__ a series of 132 

LED displays. 

The peak hold button freezes the 
reading so you can adjust your 
equalizer to the frequency re¬ 
sponse you want. 

The SA-1, when teamed with 
any one of our Sound Shaper’ 1 
equalizers, completes your sound 
picture by offering you total con¬ 
trol. And clearly, that’s what 
w custom-tailored sound is 
l|\ all about. 


Real Time ' 
Spectrum Analyzer 


presen- 


1ETOS 


Software Offerings 

Having read the article “Word Pro¬ 
cessing” in the August issue, I would 
like to point out that Zenith is now sell¬ 
ing, through Zenith Data Systems and 
the Heath Company, CP/M compatible 
software, including the MicroPro prod¬ 
ucts and Magic Wand. These are in 
addition to AutoScribe as mentioned.— 
Andrew Czernek, Zenith Data System. 
Glenview, IL. 

Programming the Atari 

In your review of the Atari 800 com¬ 
puter (June 1981), you stated, with 
regard to a program for drawing a three- 
dimensional polygon, that “Although 
this program creates a single-view poly¬ 
gon, expanded views, defined by the 
frame input, weren’t possible.” This is 
because the coordinates for the points 
weren’t being incremented.— J. Becker. 
Suffern. NY. 

You are right. The array should 
indeed have been incremented. — Ed. 

Reed Relay Substitute 

I am building the “Commercial Kill¬ 
er” (June 1981) and have located all the 
parts except the reed relay (Kl). Radio 
Shack offers a switch that would do, but 
its contacts are normally open instead of 
closed.— C. W. McClenahan, Mineral 
Ridge. OH. 

In his prototype, the author used a 
surplus reed relay. However, any low- 
current (around 10 mA), 9-12-volt relay 
with a normally closed contact should 
work. Try Radio Shack’s miniature 
spdt relays No. 275-003 (12 V, 10 mA) 
or 275-004 (6-9 V, 12 mA). The contacts 
should be rated at 1 A, 125 V. — Ed. 



A BSR COMPANY 


Sound thinking has moved us even further ahead. 

BSR (USA) Ltd., Blauvelt, N Y. 10913 BSR (Canada) Ltd., Rexdale Ontario 


OUT OF 
TUNG 


In “Peak Unlimiter” (September, p 
75), the 1N82 diode should have been 
specified as silicon not germanium. 

In “A Battery-Operated Fluorescent 
Lamp” (August, p 53), in the first step 
of the adjustment procedure, instead of 
removing the connection between the 
rotor of R6 and the 12-volt end, the 
instructions should be to disconnect the 
potentiometer from the 12-volt supply. 
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Order Direct! Commodore VIC-20...The Friendly Computer. 

"The first honest-to-goodness full color compuler 
you can buy for only $299 95 " - William Shatner 




Qz commodore 


Yes, I want to start using the new VIC-20 
personal computer right away. 


Complete Line of Hardware and Software 
Available to Expand your VIC-20 

VIC-20 — Commodore's revolutionary personal computer 
features color, sound, graphics, programmable function keys, 
built-in BASIC, expandable memory, low-priced peripherals and 

switchbox, cables and self-teaching instruction book. I $299.95 
(See coupon below) 

Commodore Datassette — Provides handy economical 
storage of user-written or pre-recorded programs. / $75.00 
VIC Graphic Printer — Economical dot matrix printer makes 

$395.00 P 

VIC-3K Memory Expander Cartridge / $39.95 
VIC-8K Memory Expander Cartridge / $59.95 
VIC-20 Super Expander — 3K RAM memory expansion, high 

$69°95 9 P P 

Programmers Aid Cartridge — More than 20 new BASIC 
commands help new and experienced programmers. / $59.95 

RECREATIONAL GAME CARTRIDGES: 

VIC AVENGERS • SUPERSLOT • VIC SUPER ALIEN • 
SUPER LANDER / $29.95 each 

COMPUTER PROGRAM TAPES: 

Recreation Program Pack A — Car Chase; VIC-21; Blue 
Meanies from Outer Space; Biorhythm/Compatibility: 

-.. er Slither. / $59.95 

Home Calculation Program Pack A — Personal 
Finance I - Home budget; Personal Finance II - Homi 
VIC Typewriter - Word processor for home use; Expe 
Calendar - income, expenses, appointments; Loan & 

Mortgage Calculatoi 
Home belongings lit 

Programmable Character Set/Gamegraphics 

Editor - Lets — .. " *" " 

programmable 
programs. / $14.95 

Introduction to BASIC Programming— 

A gentle but thorough in 1 
programming. Excellent 


VIC-2 
Guide — 

manual includes information 
on VIC BASIC, programming 
and much more. /$16.95 


Personal Computer Comparison Chart 

Eg, 


Jg? " /4A ColwComputer 


$299.95 

$399.95 $525.00 $399 50 

Total Mwno^y Sjan- ^ ^ ^ ^ 

Memory (RAM) 

32K 

Available Slable 32K 

ssr 

Full-Size 

Styir"*" 

Plastic Typewriter Style 

Membrane 

Programmable 

Function Keys 4 0 0 0 

Language 

ssr 

$59.95 T1 Radio Shack 

Extra Basic Basic 

Upper/Lower 

Case Characters 

Ye. 

Yes No No 

RS232 interface 

$49.95 

$219.95 $225.00 $1995 


le VIC us 


A computer like this would have been 
science fiction a few years ago. Now it’s 
a reality. It’s the new VIC-20 by Com¬ 
modore, a full fledged expandable color 
computer that costs little more than 
video games. And it’s so easy to use 
you can be writing your first program in 
15 minutes! 

Everybody loves video games and the 
Commodore VIC-20 has some of the 
best. But the VIC-20 can also help 
children with their homework. Mom can 
use it for home budgeting. Dad can even 
take the lightweight, portable VIC-20 to 
the office for financial and business ap¬ 
plication. 

The Friendly Computer at a Friendly 
Price: At $299.95 the Commodore VIC-20 
is the friendliest way we know to learn 
to September i, 1981 computing. It has a full computer key¬ 

board even a small child can operate. 

The VIC-20 also plays music, has exciting graphics, lets you create 
pictures. It even tells you when you’ve made a mistake and how 
to correct it. (That’s very friendly!) 

The VIC-20 can take your children from preschool through 
post-graduate studies. 

Why get just another game that 
could end up in the closet? Get an 
honest-to-goodness computer for 
just $299.95. 

Free with every VIC-20 computer 

This 164 page guide tells you ev¬ 
erything you need to know about 
your VIC-20 and how to operate it. 
Written for the beginner, you’ll be pro¬ 
gramming on your VIC-20 in minutes! 

Order now. We’ll ship your new VIC-20 computer 
directly to you. 15 day free trial. 

Contemporary marketing, Inc. 

790 Maple Lane, Bensenville, IL 60106 

Faster Service for Credit Card Customers 

Call Toll Free 800-648-5600 < ln Nevada call: 

24 hours a dav 800-992-5710) 
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PRODUCTS 

Additional information on new products 
covered in this section is available from the 
manufacturers. Either circle the item's code 
number on the Free Information Card 
or write to the manufacturer at the 
address given. 


Analog Reverberation 
System 



The ARS-911 from Advanced Analog 
Systems, Inc. uses a PMOS delay line 
scheme to enhance the spatial quality of 
high-fidelity sound. The unit requires a 
low-level input signal source such as the 
tape-monitor output from a typical sound 
system. Left and right channel informa¬ 
tion is combined in an input-summing 
amplifier. A portion of the filter output 
signal is fed back to the input of an anti¬ 
aliasing filter via a delay line. The ampli¬ 
tude of the feedback path is controlled by 
a reverb attenuator, and the feedback 
delay is adjustable from 2 to 13 ms. The 
ARS-911 also incorporates a variable- 
bandwidth noise-reduction filter that 
senses the high-frequency content of the 



Portable Computer 


I he Osborne 1 computer measures 
20.5"W x 13"D x 9"H and weighs 23.5 lb. 
The main pc board uses the Z80A proces¬ 
sor with a 4-MHz clock; memory size is 
64K RAM, 4K ROM. Interfaces are RS- 
232 C and IEEE 488. User controls con¬ 
sist of a 69-key detachable keyboard with 
a 12-key numeric pad; brightness and con- 


DMM for Home Computers 



Sabtronics announces its new Model 2020 
DMM with microprocessor interfaces to 
adapt to the Apple, Atari, PET, and TRS- 
80 personal computers. The Model 2020 
has a basic dc accuracy of 0.1%, with a 
3'/2-digit LED display. It is capable of 
directly measuring ac and dc voltages up 
to 1000 V; resistance to 20 megohms; and 
ac and dc current to 10 A. Optical cou¬ 
pling between the DMM and the comput¬ 
er serves to isolate ground noises. Applica¬ 
tions include the ability to make periodic 
measurements over widely varying inter¬ 
vals, the generation of statistical data for 
graphic representation, monitoring physi¬ 
cal parameters such as stress, strain, tem¬ 
perature, and gas pressure via transducer 
ICs, etc. The unit is equipped with cabling 
and I/O support. $299. 

CIRCLE NO. 86 ON FREE INFORMATION CARD 


signal present, thereby controlling active 
bandwidth of the entire system. This is 
said to reduce noise by 12-14 dB. A small 
power amplifier uses four VMOS transis¬ 
tors to directly drive a speaker, permitting 
use of the unit with systems of up to 50 
watts/channel. Available in kit. $150. 

CIRCLE NO. 84 ON FREE INFORMATION CARD 


Satellite Frequency 
Converter 


The MFJ-321 Scanner Satellite Convert¬ 
er from MFJ Enterprises receives the 130- 
to 150-MHz satellite band and downcon- 
verts it to 30 to 50 MHz. The unit con¬ 
tains a built-in low-noise preamplifier to 
bring in weak signals. Connecting be¬ 
tween the programmable scanner and the 


trast controls are on the front panel. The 
display system uses white video on a dark 
background; 24 lines of 52 characters are 
arrayed on a built-in 5"-screen, and 32 
lines of 128 characters can be moved with 
horizontal scrolling. The character set 
consists of 96 upper- and lower-case char¬ 
acters; and 32 graphics characters. The 
Osborne 1 uses 5'M" dual-floppy 100K 
byte diskettes, with storage provided for 
up to 25 diskettes. Five software packages 
are included with the unit: WordStar/ 
MailMerge, SuperCalc, CBASIC, 
MBASIC, and CP/M. Optional extras 
include a 12" video monitor that repro¬ 
duces the image on the built-in screen, 
modem cable, battery pack, and double¬ 
density disk drives (200K bytes per drive). 
Base price is $1795. 

CIRCLE NO. 85 ON FREE INFORMATION CARD 



antenna of a satellite earth station, it 
operates on 12 V dc or on ac with an 
adapter (not included). $100. 

CIRCLE NO. 87 ON FREE INFORMATION CARD 


Direct-Connect Modem 



The AUTO-CAT from Novation is a Bell 
103-compatible 300-baud modem that op¬ 
erates over dial-up telephone lines using a 
standard modular jack. It has three data 
modes: automatic answer, manual answer, 
and manual originate. Operating in either 
full or half-duplex, the AUTO-CAT fea¬ 
tures local and remote-loopback test func¬ 
tions. LEDs give a constant indication of 
the unit’s operational status. Data can be 
retrieved unattended by using the auto¬ 
matic answer function. The interface be¬ 
tween computer and modem is the EIA 
RS-232. $249. 

CIRCLE NO. 88 ON FREE INFORMATION CARD 


Five-Band Equalizer 

MXR’s new Model 153 offers five bands 
of discrete (±12 dB) adjustment with 
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Why use their flexible discs: 

Athana, BASF, Control Data, Dysan, IBM, Maxell, Nashua, 
Scotch, Shugart, Syncom, 3M, Verbatim or Wabash 

when you could be using 


MEMOREX 


for as low as $1.94 each? 
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individual left and right slide controls for 
a visualized representation of each chan¬ 
nel. LEDs associated with each channel 
permit matching of input-to-output levels. 
Also featured is an equalizer-bypass 
switch for comparisons between equalized 


and non-equalized signals, a tape-monitor 
switch, and a subsonic filter that removes 
frequencies below 20 Hz. Specs: equiva¬ 
lent input noise, -95 dBV at 1 V rms (20 
Hz to 20 kHz); dynamic range, 108 dB; 
THD, 0.05% at 0 dBV (20 Hz to 20 kHz); 
frequency response, 20 Hz to 70 kHz 
( + 0, —3 dB); subsonic filter response, 
— 30 dB at 5 Hz (18 dB per octave slope). 
$150. 
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Two-Way Radio 


“Talkman,” from Standard Communica¬ 
tions, is a miniature (2>/2"W X 4>/2"H X 



W'D), hands-free two-way radio that will 
transmit up to '/■* mile. It is available in 
any one of five channels and features a 
stowable whip antenna and an adjustable, 
boom-mounted, voice-activated micro¬ 
phone. Applications include hunting, con¬ 
struction, skiing, security, etc. Its power 
source is a nine-volt battery. Weight with¬ 
out battery is less than one lb. $125. 

CIRCLE NO. 91 ON FREE INFORMATION CARD 


Stereo Control Center 


j + nut • 9 m +. 


The QED Model 7 employs a remote pow¬ 
er supply, a BiFET output stage, and pas¬ 
sive tone controls to reduce noise and dis¬ 
tortion arising from the unit itself. The 
Model 7 also features a subwoofer output 
with electronic crossover; loudness boost¬ 
ing for frequencies from 40 to 100 Hz; 
and an environmental enhancer that is 
claimed to expand the sonic image when 
the speakers are closer together than eight 
feet. A separate input for the audio sec¬ 
tion of any video source is provided, along 
with a switching system for other audio 
sources, e.g., phono, tuner, tape. Specs: 
frequency response, 10 to 60,000 Hz 
±0.5 dB; maximum output, 7 V rms; 
maximum input, 75 mV at 1 kHz; input 
impedance, 49 kilohms (MM)/100 ohms 
(MC); THD, 0.025%; IM, 0.5%; S/N, 77 
dB (phono)/87 dB (line); sensitivity, 1.11 
mV (phono)/91 mV (line). $415. 
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Disk Cleaner 


\ 

For truly su perb 
FM-stereo 
reception eee 


fAjM siaran caa 


vertical antenna 


Pulls in stations you never 
knew existed 

Transforms fuzzy stations 
into ‘tape quality’ 

Reduces multipath 
problems 

Up to twice the power of 
the conventional dipole 
antenna 

1 Receives from all 
directions 

Sturdy, stainless steel and 
PVC construction 


Test it yourself! We offer an hone^L 
guarantee. If it doesn’t measure upH 
refund of the purchase price. 


Silver plated brass joints 
for ultra-sensitive signal 
passage 

Built to withstand weather 


May be mounted on a 
mast, windowsill, balcony, 
or just stand it in the 
corner 


The suggested list price for Stereo One is $69.95. 

BUY DIRECT AND SAVE $10.00 

Send your check or money order for 
$59.95 + 3.50 (shipping and handling) to;»- 
(N.Y. residents, please add 7% sales fax) 

VISA & MASTER CARD buvers may call toll free 
1-800-448-8490 9-5 EST Mon-Fri 
N.Y. Residents please call 
1-315-482-2589 




B Castle 
Marketing 

Dept. PE 
Holland Street 
P.O. Box 219 
Alexandria Bay, 
New York 13607 
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The Verbatim Corporation has introduced 
its Datalife Head Cleaning Kit that it 
claims can remove up to 90% of debris 
contaminating magnetic recording heads 
in computer and word-processing systems. 
The kit consists of a reusable Lexan jacket 
and presaturated, disposable cleaning 
disks. The disk is removed from its protec¬ 
tive cover, inserted into the Lexan jacket, 
and the whole assembly is put into the 
drive. A proprietary black ring is said to 
fool the drive’s photosensor into thinking 
POPULAR ELECTRONICS 
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No matter how much you spend on a tape deck, the sound that comes out of it can 
only be as good as the tape you put in it. So before you invest a few hundred dollars 
upgrading your tape deck, invest a few extra dollars in a Maxell XLI-S or 
XLII-S cassette. 

They’re the most advanced generation of oxide formulation tapes. 

By engineering smaller and more uniformly shaped oxide particles, we were able to pack 
more of these particles onto a given area of tape. 

Now this might not sound exactly earth-shattering, but it can help your tape deck live 
up to its specifications by improving output, signal-to-noise ratio and frequency response. 

Our XL-S cassettes also have an improved binder system, which helps keep the 
oxide particles exactly where they’re supposed to be. On the tape’s surface, not on your 
recording heads. As a result, you’ll hear a lot more music and a lot less distortion. 

There’s more to our XL-S tape than just great tape. We’ve also redesigned our 
cassette shells. Our Quin-Lok™ Clamp/Hub Assembly holds the leader firmly in 
place and eliminates tape deformation. Which means you’ll not only I. 

hear great music, but you’ll also be able to enjoy it a lot longer. |J| 3XP11 . 

So if you’d like to get better sound out of your tape system, FI 

vou don’t have to put more money into it. Just put in our XL-S tape. 11 O WUK. 1 il 1 J 
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Hire a 
fast 

thinket. 


the cleaning disk is a conventional dis¬ 
kette. The cleaning process takes 60 s. 
Available in 5 •/*" and 8" sizes, the kit will 
work with any drive except the Vydec 8" 
word processor. $12.50. 
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Kenwood Speakers 


Wire Dispenser 


The AD series from O.K. Machine and 
Tool Corporation is the latest in its line of 
cutting and stripping-wire dispensers. 
Featuring ground-steel cutters and a die- 
stamped stripping blade, the unit permits 
adjustment of strip length (from W' to 
2") by loosening the locking cam and slid¬ 
ing the stripping blade to the desired loca¬ 
tion. Stripping blades are compatible with 
either 24 AWG or 30 AWG Kynar insu¬ 
lated wire. The 24 AWG version includes 
50' of wire; the 30 AWG version, 100'. 
Housing is transparent to allow monitor¬ 
ing of wire length. $13. 
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Light-up Antenna 


A new mobile AM-FM/CB antenna has 
been introduced by Armstrong Industries. 
Called the “Illuminator” (designated 
Model TAK-10L), the antenna features a 
5000-hour, 0.5-candlepower, 12-V dc, in¬ 
candescent lamp installed in a clear- 
molded base, thus illuminating the hollow 
coil form. The lamp will fail to light unless 
the antenna is properly grounded. The 
TAK-10L uses the new Clear-Flex 
(RG58-AU) coax cable (18' of which are 
provided with the antenna). An additional 
lamp circuit lead attaches to the vehicle’s 
tail or running lights. Hence, the antenna 
base lights only when the vehicle lights 
are on. The unit mounts on the trunk of a 
vehicle; no drill holes are necessary. A 
Uni-Axis ball joint tilts the whip 45 ‘ in all 
directions. $55. 


5 MHz CPU Card 

■ Intel 8085A-2 microprocessor ■ Hardware 
floating point ■ Performs calculations six times 
faster than other CPUs ■ On-board monitor in 
PROM ■ IK RAM scratch pad ■ Keyboard or 
RS232C terminal ■ Variable clock frequency 

PRICE—$450 


Call or write Artec for details. 


/4RTGC CLCCTROhO, INC. 


605 Old County Rd., San Carlos, CA 94070 
Telephone (415) 592-2740 


The S-4 is an acoustic-coupled, three- 
way, floor-standing speaker system with 
cone-type drivers: an 8" woofer, a 2W' 
tweeter, and a lVig" super tweeter. It is 
said to be able to handle up to 80 W 
(rated input power is 55 W) and has a fre¬ 
quency range from 50 to 20,000 Hz. 
Impedance is 8 ohms; sensitivity is 89 
dB/W at 1 m. Construction of the enclo¬ 
sure is particle board laminated with poly¬ 
vinyl finish. Dimensions: 9"W x 14"H x 
8"D. $260 a pair. 
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S-lOO Capability 
for the Sorcerer 


The new Display/S-100 unit from Exidy 
Systems is designed to link the Sorcerer 
computer to all the manufacturers of 
S-100 bus products. The unit is mounted 
on a swivel base-stand and includes a 12" 
professional CRT with 20-MHz band¬ 
width and green P31 phosphor. The bus is 
a self-contained S-100 motherboard with 
power supply and translation logic for the 
Sorcerer. The S-100 interface gives Sor¬ 
cerer computers additional capability, in¬ 
cluding analysis of scientific data, graphic 
display, production control, etc. The Dis¬ 
play/S-100 comes with cables and instal¬ 
lation instructions. $700. 
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Your favot||^^re_ajS-^mirTg^Tnhe satellites right now in For complete details and prices on the Heathkit Earth Station 
one of the^reaxest selections of family and adult entertainment and 400 other electronic kits for home, work or play, send today 
ever offered. And now there's a new satellite receiver system for the latest free Heathkit Catalog or visit your nearby Heathkit 
that puts rl^ll: within your reach at a price that's within reach. Electronic Center.' 


The new Heathkit Earth Station 

It includes a 3-meter Satellite Antenna with a single-axis 
adjustable mount that lets you direct your antenna to receive 
signals from the entire satellite arc. It's a heavy-duty, commer¬ 
cial-quality antenna, made by Scientific-Atlanta and designed for 
long, reliable performance. 

Special Low-Noise Amplifier and Down-Converter converts 
signals to 500 MHz band for transmission on ordinary TV cable. 

The Receiver features electronically-synthesized tuning for 
stable, drift-free reception, and 24 channel selections for a broad 
variety of programming. It even includes a special Zenith Space 
Command Remote Control so you can change programs without 
leaving your easy chair. 

Special Earth Foundation Kit anchors your antenna firmly to 
withstand winds of up to 100 mph. 


I Send for free catalog 

Write to Heath Co., Dept. 010-856, 
I Benton Harbor, Ml 49022 



Visit your Heathkit Store 

Heathkit products 
are displayed, sold 
and serviced at 56 
Heathkit Electronic 
Centers in the U.S. See 
your telephone white 
pages for locations. 


Unique Site Survey Kit 

You can trust Heath to do it right. The first step in establishing 
your station is the purchase of a special Site Survey Kit that 
includes everything you need to determine a clear line-of-sight 
to the satellites. So you know your location is correct before you 
buy the Station. 


• Heathkit Electronic Centers are units ot Veritechnology Electronics Corporation. 
Viewing of some satellite TV channels may require the customer to obtain 
permission from, or make payments to. the programming company.The customer 
is responsible for compliance with all local, state and federal governmental laws 
and regulations, including but not limited to construction, placementand use. For 
use only in Continental U.S 


Easy-to-follow, step-by-step assembly 

Like all Heathkit products, the Satellite Earth Station includes 
a clearly written manual that guides you every step of the way 
through assembly and installation. And over-the-phone 
assistance is alwavs available 


Heathkit 
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CX Noise Reduction in Perspective 


F IRST we had noise. Then we had 
Dolby and less noise. Now, noise- 
reduction systems are sprouting like 
dandelions on a country lawn. 

The latest, and the one with the big¬ 
gest push behind it, is CBS’s CX system. 
It may prove the most controversial, and 
it may bring a bit more breathing space 
before all-digital discs finally arrive in 
our living rooms. 

There’s little controversy over such 
noise reducers as DNR, the Phase Lin¬ 
ear and Carver autocorrelators, or the 
KLH (originally Burwen) system be¬ 
cause they require no changes in the 
material we play through them. They 
work after the fact, reducing the noise in 
whatever program material you pipe 
through them. If you don’t like what 
they’re doing, you don’t have to use 
them. 

There is some debate, though, over 
systems like Dolby, dbx and CX, be¬ 
cause they require changes in the soft¬ 
ware we listen to. If you’re going to use 
any of these “closed-loop” systems, you 
have to use them both to encode the ori¬ 
ginal broadcast or recording and to 
decode it in playback. The decoder is 
useless on unencoded material, while 
encoded material is somewhat incompa¬ 
tible with playback systems that don’t 
include decoding. 

There was some flak over Dolby “B” 
(the now-universal tape recording noise- 
reduction system) when it first came 
out, on just those grounds. But it didn’t 
look, at first, as if the system would 
catch on enough to be worrisome, which 
muted the controversy a bit; and, of 
course, now that virtually every tape 
deck has Dolby, the subject has cooled 
entirely. Also, the degree of incompati¬ 
bility was very small: Dolby tapes 
played on non-Dolby systems sound a 
little shrill, but you can correct that to a 
reasonable degree with your treble con¬ 
trol. And now that it has become univer¬ 
sal, there’s virtually no tape deck around 
that isn’t fully compatible with Dolby, 
though not all listeners within reach of 
Dolbyized FM broadcasts are equipped 
to decode those. 

Going Further. The problem with Dol¬ 
by B was that it didn’t do enough. 
Though the noise was reduced, it could 
still be heard (as it still can with all the 
other noise reducers). Why settle for 10 
dB or so of high-frequency noise reduc¬ 
tion if you could reduce it more and Over 
a wider frequency range? 


The first successful attempt to bridge 
that gap was dbx, one of the most effec¬ 
tive and least compatible noise reduction 
systems I’ve heard. Basically, it’s a 2:1 
compression/expansion system, which 
means it theoretically doubles the dy¬ 
namic range—and that’s about how it 
sounds in practice. There’s a good deal 
of compatibility between dbx encoders 
and decoders, too. The dbx system isn’t 
level-dependent like Dolby or CX, so 
you don’t have to calibrate your encoder 
or decoder to match the signal levels in 
the rest of your system. But there’s vir¬ 
tually no compatibility between dbx- 
encoded recordings and undecoded play¬ 
back systems: with 2:1 compression, mu¬ 
sic sounds not just compressed but 
squashed flat, like a full-frequency- 
range version of an acoustically re¬ 
corded 78-rpm disc. 

Dolby C was an attempt to match 
dbx’s noise-reduction capability with 
greater compatibility. I haven’t yet had 
any home experience with Dolby C so I 
can’t comment. (I will in a month or 
two.) Since Dolby C can be consid¬ 
ered—very loosely—as two Dolby B sys¬ 
tems cascaded, I’d assume that there’s 
some compatibility between “C” tapes 
and “B” playback systems, and that the 
combination should sound, once more, a 
bit shrill but more or less adjustable 
with tone controls. I wouldn’t presume 
to guess what completely undecoded 
playback of Dolby “C” tapes would 
sound like, but I’m getting a deck equip¬ 
ped with a C system soon, and then I’ll 
know (and will report). 

The Latest Wrinkle. The newest sys¬ 
tem on the block, though, is CX, which 
so far has been pushed for disc and video 
recordings only and not for home tape. 
(The Dolby systems are for tape only— 
including videotape, in the new VHS 
stereo versions—while dbx is available 
for both tape and disc.) CX has picked 
up a lot of support quickly. Not only 
CBS but RCA and the Warner/Elek- 
tra/Asylum/Nonesuch group will be of¬ 
fering CX-encoded phonograph discs. 

RCA also plans to add CX to its CED 
videodisc system, while Disco Vision As¬ 
sociates plans to start encoding the 
sound tracks of its LaserVision video 
discs, and Pioneer plans to put decoding 
circuitry in its players. (Magnavox 
hasn’t decided, as of this writing.) There 
are hints of CX-type CED video discs, 
too (with RCA already planning to use 
it on audio discs). Phase Linear, Sound 


Concepts, MXR, and Audionics are pro¬ 
ducing CX disc decoders. 

One reason for this rapid build-up is 
that Columbia Records carries clout. If 
CBS is using it, then there will be some 
discs worth playing on it; and if that 
means there will be noticeable numbers 
of decoders in people’s homes, then 
there will be a good market for other 
companies’ CX-encoded discs. Another 
reason is that CBS lets other record 
companies use the system without pay¬ 
ing royalties—a shrewd move. 

But the main reason for the popularity 
of CX is CBS’s claim of perfect compat¬ 
ibility. They say that, though it in¬ 
creases dynamic range by 20 dB (to as 
much as 85 dB, in some cases), “CX 
encoded records can be played on con¬ 
ventional stereo equipment and will 
sound the same as standard records.” A 
number of recording engineers, howev¬ 
er, don’t agree. 

The CX system works by compressing 
levels 2:1 in recording and expanding 
them in playback. However, there are 
two differences between it and dbx’s 2:1 
companding system: there’s no high-fre¬ 
quency pre-emphasis, and the expansion 
takes place only for signals from —40 
dB up, instead of for all signal levels. 
That’s done so that the compression 
won’t raise the level of any noise already 
in the signal, which would make the 
discs noisier on undecoded systems. 

Tost Results. Press demonstrations of 
CX were most impressive. Now that I’ve 
had a chance to listen to Phase Linear’s 
decoder for a while at home, I’tp still 
impressed. With CX in, I heard no 
noises I could definitely ascribe to the 
disc system. (I did hear some noise, but 
it seemed more like tape hiss from ana¬ 
log masters.) I heard no noise “pump¬ 
ing,” either. CX records definitely had 
more dynamic range and a more “live” 
and lively sound than regular discs. 

Undecoded CX discs did sound a 
touch compressed, to me, but no more so 
than many ordinary records do these 
days. I doubt that many listeners, even 
among audiophiles, could tell whether 
they were hearing a CX disc or not, 
under those circumstances; and I’m sure 
the average listener would never know. 
The only difference I heard between the 
same material in encoded and unen¬ 
coded form (on two sides of a CBS dem¬ 
onstration disc) was slight compres¬ 
sion—about as much as I’d hear if the 
same disc were played over the average 
classical FM station. 

The system isn’t designed for tape 
recording, mainly because its processing 
is even at all frequencies, not empha¬ 
sized at the highs where tape has the 
most hiss. That being the case, I didn’t 
try any tapes. 

Passing ordinary discs and FM broad¬ 
casts through the decoder didn’t work 
too well. Some FM broadcasts did sound 
better with this extra expansion, proba¬ 
bly because they’re a bit more com¬ 
pressed than discs usually are. But I 
found no records whose dynamics didn’t 
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sound exaggerated when played through 
the decoder. (Surprisingly, that even ap¬ 
plied to LP records from the early Fif¬ 
ties, which were quite compressed.) 

For the most part, these exaggerated 
dynamics didn’t sound like bad fidelity 
but more as if their conductors had 
worked up to a romantic frenzy. The one 
acoustically unnatural effect was the 
over-rapid fall-off of the echoes at the 
end of musical passages. This was most 
pronounced on old LPs made in studios 
that had fairly short reverberation times 
in any case. 

CX decoders aren’t intended to be 
used in playing non-CX recordings, of 
course, so I can’t fault the system or my 
Phase Linear decoder for that. I haven’t 
yet heard the Sound Concepts SX-80 
decoder, which can be switched for 
upward expansion of non-CX records. 
The effects might well be worth the 
price difference (Phase Linear’s 220 CX 
is $99.95, the Sound Concepts model is 
$119), but I’d have to hear it to be sure. 
Audionics and MXR also make CX 
decoders. {Also, see page 39. — Ed.) 

Calibrating the Phase Linear was 
easy. It requires a test record, but all 
CX decoders come with one. My pre- 
production sample didn’t, however, so I 
used the 3.54 cm/s cut on my CBS 
STR-100 test record. You’ll find the 
same sort of cut on other test discs, too. 
On the Phase Linear, you set screwdriv¬ 
er-adjust pots on the back panel until a 
red LED glows, a point that took 10 sec¬ 
onds or so to find. Some of the other 
decoders have front-panel controls 
(handier if you change cartridges a lot, 
but more easily reset by accident); and 
the Sound Concepts model has a three- 
color LED which shows whether your 
level is too high or low, too. 

CX records, properly decoded, sound 
better than regular records, and give 
premium-priced audiophile discs (digi¬ 
tal, direct-cut, or remastered) a run for 
their money. For the real audio enthu¬ 
siast who’s likeliest to buy and use 
decoders, that’s a gain. For the average 
listener, without decoders, CX brings a 
slight loss of dynamic range—though I 
think most listeners won’t notice it. That 
leaves some people in the middle, who 
will find that they hear and dislike the 
difference between normal and unde¬ 
coded CX discs, and who may also find 
it a nuisance to keep switching the 
decoder in for some discs and out for 
others. Don’t ask me, though, how many 
listeners are in each group. 

The CX system isn’t magic, but it 
does accomplish most of what it was 
designed for. It gives critical listeners a 
system with wide dynamic range that 
average listeners can still enjoy. If CX 
decoders ever become as universal as 
Dolby tape decks now are, I could even 
see it being used to improve further the 
quality of audiophile discs. But as long 
as most listeners don’t have decoders, I 
doubt any audiophile disc series (except, 
possibly, CBS’s MasterSound) will com¬ 
promise their dynamic range by 
adopting it. 0 



Buy a 3BZ Dynamic Range Expander and get a dbx Disc Decoder free. 

Add a 3BX Dynamic Range Expander to your stereo, 
and your records and tapes will go from an ordinary 40 to 
50 decibels of dynamic range, to a breathtaking 60 to 75 
decibels. Much closer to the true sound of live music. Do 
it by December 5, and you’ll get a dbx Disc Decoder free, 
so you can play the revolutionary dbx Discs. ■ ■ 

For the names of participating retailers near you, write J L. -J 

dbx, Inc., 71 Chapel St., Newton, Mass. 02195 U.S. A. Q D JL 

Tel. 617-964-3210. ** 


Offer void where prohibited by law. Valid only at participating dbx U.S. authorized consumer products retailers. Quantities 
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STEREO CATALOG 
and FM DIRECTORY 

Get all the newest and latest information on the new 
McIntosh catalog. In addition you will receive an FM sta¬ 
tion directory that covers all of North America. 
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TODAY! 


I McIntosh Laboratory, Inc. PE 

• East Side Station P.O. Box 96 
I Binghamton, N.Y. 13904 

I 

| NAME _ 

I ADDRESS _ 

| CITY_STATE_ZIP_ 


If you are in a hurry for your catalog please send the coupon to McIntosh. 
For non rush service send the Reader Service Card to the magazine. 
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EPI Model A300Speaker 


T HE EPI A300 speaker system has 
an improved “Air Spring” concave 
dome tweeter featuring a modular as¬ 
sembly for easy replacement of its dia¬ 
phragm and voice coil assembly in the 
event of damage. The 1" tweeter of this 
three-way system operates above 3,000 
Hz, with a 4" sealed-back midrange 
cone driver handling frequencies be¬ 
tween 700 and 3,000 Hz, and a 10" 
acoustic-suspension woofer with a “Fo¬ 
cused Field” magnetic system taking 
over below 700 Hz. The rated frequency 
response of the system is 47 to 20,000 
Hz ±3 dB. 

The EPI A300 has a rated impedance 
of 4 ohms. It measures 22V2"H x 
13>/2"W x 1 OW'D and weighs 37 
pounds. The A300 is recommended for 
use with amplifiers delivering from 25 to 
250 watts per channel. The wood cabi¬ 
net is finished in oiled walnut and has a 
removable black cloth grille. The sug¬ 
gested retail price is $300. 

General Description. EPI’s “Air 
Spring” concave dome tweeters have 
earned a reputation for excellent disper¬ 
sion and smooth, extended frequency 
response. 

A resonance test verifies that the mov¬ 
ing system resonance occurs between 
1,200 and 1,600 Hz, showing that the 
moving parts of the speaker have been 
installed and aligned correctly. A har¬ 
monic distortion test is made with a 
1,000 Hz input signal (well below the 
tweeter’s normal lower operating lim¬ 
its). The acoustic output picked up by 
the measurement microphone is filtered 
to pass only 5,500 to 17,000 Hz to the 
measuring equipment. 

The low-order distortion (second and 
third harmonics) of a tweeter is not like¬ 
ly to reveal the faults that could produce 



POPULAR ELECTRONICS 


















CLEAR.QUICK.QUIET. 
ALL THREE,ONLY $1,095.* 


You get sharp, easy-to-read printouts. You get them fast, 
over 150 characters per second, from a printer that’s loaded 
with convenience features. 

The Heath/Zenith 25 Printer is a heavy-duty, high-speed, 
dot matrix printer. It produces up to 300 lines per minute with 
whisper-quiet smoothness. The entire 95-character ASCII 
set prints in upper case and lower case with descenders, in 
a 9 x 9 matrix. All functions and timing are microprocessor- 
controlled. 

The features described below tell only part of the story. You 
have to see it in action to know how good it really is. 


See your telephone white pages for the store nearest you. 
And stop in today for a demonstration of the Heath/Zenith 
25 Printer. If you can’t get to a store, send $1.00 for the new 
Zenith Data Systems Catalog of assembled commercial 
computers and also receive free the latest Heathkit Catalog. 
Write Heath Co., Dept. 010-854, Benton Harbor, Ml 49022. 

HEATH/ZENITH 


Your strong partner 



Adjustable tractor-feed 
width with dual sets 
of tractors for smooth, 
bi-directional paper 
movement. Adjustable 
vertical and horizontal 
tabs. 


Character pitch is hard¬ 
ware or software-select¬ 
able at 10,12,13.2 and 
16.5 characters per 
inch, for a maximum of 
222 characters per line. 
That gives you great 
flexibility in setting 
up forms. 

\ 


Uses standard edge- Software- or hardware- 
punched papers in selectable baud rates 

single or multiple forms at 110,150,300,600, 
or fanfold. 1200,4800 and 9600. 


Standard RS-232C 
interfacing for compati¬ 
bility with most systems. 
Also 20mA current loop 
serial interface. 


Character set includes 
33 block graphic 
characters for charts 
and graphs. 


Heavy-duty construc¬ 
tion for reliable opera¬ 
tion and long life under 
daily use. 


Convenient cartridge 
ribbon for quick, no¬ 
mess replacement. 


Completely enclosed 
cabinet muffles sound 
for quiet operation. 


Special detectors tell 
you when you’re out 
of paper or when paper 
jams. 


*ln kit form, F.O.B. Benton Harbor, Ml. Also available completely assembled and 
tested at $1,595. Prices and specifications are subject to change without notice. 
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a harsh or unpleasant sound. EPI con¬ 
siders that the level of the higher-order 
harmonics (sixth through seventeenth) 
is a better indicator of such problems. If 
the total distortion measured in this test 
exceeds 0.2%, the tweeter is said to be 
rejected by the manufacturer. This is 
followed by a conventional frequency- 
response measurement with a sweeping 
sine-wave input to confirm that the 
response of the tweeter is within its 
design tolerances. 

EPI pioneered in the use of “Ferro- 
Fluid” in tweeter magnetic gaps to con¬ 
duct heat away from the delicate voice 
coil rapidly and, thus, minimize the pos¬ 
sibility of burning out a tweeter by 
excessive input (as well as increasing the 
power-handling capacity of the tweet¬ 
er). The Ferro-Fluid, a suspension of 
magnetic particles in a fluid, becomes 
viscous when placed in a magnetic field 
and also provides a damping action to 
reduce the effect of mechanical reso¬ 
nances. It has been used in all EPI 
tweeters for some years; in the A300 it is 
employed in both the tweeter and the 
midrange driver. 

The fact that the tweeter resonance is 
far below the crossover frequency and 
that it is checked for distortion with an 
input even lower in frequency than the 
resonance makes it practical to use sim¬ 
ple crossover networks in the A300. This 
minimizes phase shifts in the crossover 
region as well as reducing costs. Driver 
sensitivities have been designed so that 
no level adjustments or trimming resis¬ 
tors are required in the crossover net¬ 
works, and the system has no external 
user-adjustable controls. 

The bass driver has a “Focused Field” 
magnetic circuit for high efficiency and 
low distortion at high power levels. Its 
2-inch voice coil is wound on a high- 
temperature “Kapton” former. 

Laboratory Measurements. Al¬ 
though the EPI A300 can be placed on 
the floor or on stands, as well as in a 
typical midwall “bookshelf” placement, 
we chose the stands for our tests. They 
were placed against the wall, vertically 
oriented, with the tweeters about on the 
ear level of a seated listener. 

The averaged, smoothed frequency re¬ 
sponse in the reverberant field of the 
room showed the usual minor irregulari¬ 
ties (probably the result of room interac¬ 
tion), with peak amplitudes of only 2 to 
3 dB. The output was quite uniform 
from 500 to 3,000 Hz (approximately 
the operating range of the midrange 
driver) and then rose about 5 dB to a 
new plateau between 5,000 and 20,000 
Hz. This curve corresponds roughly to 
the total power response of the speaker 
into the forward hemisphere, after being 
corrected for the known absorption 
characteristics of the room. It is derived 
by averaging separate curves for the left 
and right speakers, made with the mi¬ 
crophone on the axis of the left speaker 
and about 30 degrees off the axis of the 
right speaker. The two curves did not 
differ significantly over the entire high- 
18 


frequency range, a clear indication that 
the tweeter is essentially omni-direction¬ 
al through the forward hemisphere. 

Bass response was measured separate¬ 
ly with the microphone close to the 
woofer cone. This gives an equivalent to 
an anechoic frequency response, unaf¬ 
fected by room boundaries or other sur¬ 
roundings. The woofer output was flat 
within — 1 dB from 100 to 400 Hz, with 
a rise of about 3 dB in the 55-to-90-Hz 
range before falling off at 12 dB per 
octave below 50 Hz. The woofer output 
rolled off about 5 dB between 400 and 
700 Hz and dropped sharply at higher 
frequencies. 

When this curve was spliced to the 
reverberant field curve, the composite 
frequency response was within ±4.5 dB 
from 42 to 20,000 Hz. This curve, being 
a composite of two very different mea¬ 
surements, cannot be compared directly 
to any frequency-response rating from 
the manufacturer or any other source. 
In our judgment, it confirms the EPI 
specification. 

Having recently acquired a Fast Fou¬ 
rier Transform (FFT) signal analysis 
system (based on an Apple II computer, 
with special programs and hardware 
from Indac Associates), we were able to 
measure the response of the A300 
speaker in our listening room in a quasi- 
anechoic manner. This system is able to 
exclude the effects of room resonances 
or reflections by limiting the analysis 
time period to that containing only the 
direct output of the speaker. The speak¬ 
er is driven with an 18-microsecond 
pulse, and its output is picked up by our 
measurement microphone and processed 
by the computer to generate a frequen¬ 
cy-response curve. 

This measurement showed the re¬ 
sponse of the A300 to be even smoother 
than our reverberant curve, which can¬ 
not be completely separated from room 
resonances and standing-wave effects. 
From 200 Hz (the lower limit of the 
FFT analysis in its high-frequency 
mode) to 17,000 Hz (its upper limit, set 
by an internal filter) the axial output of 
the speaker at 1 meter varied only ± 3 
dB. A separate woofer measurement 
was made in the low frequency analysis 
mode, using a pulse 10 times wider and 
a sampling frequency 10 times lower. 
The result essentially duplicated our 
previous close-miked swept frequency 
measurements. 

Woofer distortion, measured with 
close mike spacing, was determined for 
frequencies from 100 to 20 Hz, at power 
inputs of 1 and 10 watts (based on the 
4-ohm rating of the system). Second and 
third harmonics were measured sepa¬ 
rately and combined for a total har¬ 
monic distortion reading. There were no 
significant distortion components higher 
than the third. 

The EPI A300 was somewhat unusual 
in this respect since its distortion rose 
almost exactly linearly with decreasing 
frequency (the latter being plotted on a 
logarithmic scale). At 1 watt, it rose 
from an extremely low 0.2% at 100 Hz 


to 2.8% at 20 Hz (also an unusually low 
distortion reading at that frequency). 
Increasing the drive to 10 watts, more 
distortion was produced. Furthermore, 
the speaker displayed a more abrupt rise 
with decreasing frequency (which is 
more typical behavior for a speaker). At 
10 watts, the distortion was about 1% or 
less in the 80-to-100-Hz range, climbing 
to 5% at 40 Hz and 10% at 20 Hz. 

The impedance curve of the speaker 
confirmed the validity of its 4-ohm rat¬ 
ing. Starting in the 8-to-10-ohm range 
between 20 and 35 Hz, impedance 
reached a maximum of 30 ohms at the 
bass-resonance frequency of 50 Hz, fell 
to just under 5 ohms between 100 and 
.300 Hz, and rose to a broad peak of 
about 12 ohms around the 700-Hz cross¬ 
over frequency. It decreased again at 
higher frequencies to a minimum of 
about 3.5 ohms from 4,000 to 10,000 Hz 
and rose to 5.5 ohms at 20,000 Hz. We 
do not consider that the slightly lower- 
than-rated impedance in the tweeter 
range will present any problem for any 
good amplifier. 

Sensitivity of the A300 is unusually 
high for an acoustic suspension speaker. 
An input of 2.83 volts of pink noise in an 
octave band centered at 1,000 Hz 
created a sound pressure level of 91 dB 
at a 1-meter distance from the grille. 
The design of the A300 to favor high 
efficiency, rather than a maximum bass 
extension (the two are mutually exclu¬ 
sive “trade-offs” in speaker design), ap¬ 
parently represents the intention of its 
designers. 

User Comment. The sound of the EPI 
A300 was smooth, balanced, and uncol¬ 
ored. Its bass output was very strong 
when this was called for, with remark¬ 
ably low distortion for a 10-inch driver 
in a cabinet of this size. Listening to the 
A300, as well as testing it, reinforced 
our feeling that a speaker that does not 
have externally accessible balance con¬ 
trols is often a better-sounding product 
than one which gives the user— 
informed or otherwise—the opportunity 
to adjust (or misadjust) the balance to 
his own taste. Very few people have the 
hearing acuity and judgment to match 
the technical expertise of a knowledge¬ 
able speaker designer, a description that 
applies to the creators of the A300. 

As we have the opportunity to evalu¬ 
ate more and more speakers in the $200 
to $300 price range (in our view, the 
“optimum” price bracket for sound 
quality per dollar invested), we have 
become very aware of the many truly 
fine products to be found in this group. 
The EPI A300 is priced near the top of 
the field, and we would give it very near¬ 
ly the same rank if it were to be judged 
only by its sound qualities. Listening 
rooms differ, as do individual prefer¬ 
ences, but the A300 is without question 
a worthy addition to EPI’s distinguished 
series of speakers systems. 

—Julian D. Hirsch 
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LOW COST CAPACITANCE 
METER MODULE, DM-8 

Connect this high quality low cost Capacitance Meter Module, DM- 
8 to your digital Volt Meter and turn it into a Digital Capacitance Me¬ 
ter—the Low Cost Way! 



.RIPL_ 

1/PRICED!, DM-6 

power supply 3 including fied^V AnqS/sVtoTsV § O.'s^mpTand 
to -15V <a 0.5 Amp — all supplies regulated, short proof. Each supply 
lort indicator LEO. Complete and ready for use in a durable (8"x6"x31/2") 



Over 1 Vp-p (V sync-signal) 


1kHz ± 10% Typ. Square w< 
Power requirements 100V (120/220/240V) ± 10‘ 


MODEL V-151B 
'EARMFG.Wr 


WITH 2 YEAR MFG 

0NLY$ 


fARRANTY 

,95 


499 


DVM module. Check coil re, 
s. printed circuit board cop 
ccurate readings. Your DVM has tobe set to 2 V range during 


it input cable resistance to i 


‘69 


'95 


FREQUENCY METER MODULE 
“5Hz to 100MHz”, DM-11 






FREE!! 

NEW 

CATALOG 

Exciting 
new products! 
Send today!! 


WITH FREE DM-12 
8 CHANNEL MULTIPLEXER 
A COMBINED VALUE 
AT LIST OF $639.95 
YOU SAVE $140.00 

ALBIA SATISFACTION 

WARRANTY: SSL,* s as simple as ,hat! Shipping * Handlin9 charges not 

FOR FAST AND DEPENDABLE DELIVERY SERVICE 
COL N LECT*203) H 46 C 7 A 559O CALL TOLL FREE: 1-800-243-6953 

WE ACCEPT MASTER CHARGE, VISA AND AMEX CREDIT CARDS 

Connecticut Residents add 71/2% Sales Tax • Prices shown in U.S. currency only. Foreign orders add 15%. 

ALBIA ELECTRONICS INC 

44 KENDALL ST. • P.O. BOX 1833 • NEW HAVEN, CT. 06508 


frequencies from 5Hz to 100MHz on yi 
solution of 31/2 digits — easy to use 
u tothe2VD°Cran"“ -°« 


i BNC cable (not included) anc 


Input Cable Accessoty (Model PSA-2 


‘69 


|95 


FREE ALBIA 

TEMPUTE 
WITH EVERY 
ORDER RECEIVED 
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NOW CLEANING YOUR OWN 
DISKETTE HEADS COULD SAVE 
YOU A $ 40 SERVICE CALL 
AND A LOT MORE. 




The recording heads on your 
diskette drives may be dirty— 
and that can cause you a lot of 
grief. There's the serviceman 
you have to call when the 
machine doesn’t perform. (You 
know how much service calls 
cost these days!) There’s 
machine down-time. Idle data 
entry clerks. All the other delays 
a cranky machine can cause. 

And that service call might 
not even be necessary. 

3M solves the problem 
in seconds-and leaves 
your heads 

“Computer Room Clean”. 

The Scotch® head-cleaning 
diskette kit lets you clean the 
read-write heads on your 
8" or 5V4" diskette drives. In just 
30 seconds, without any 
disassembly, mess or bother, 
the heads can be completely 
cleansed of dirt, dust, magnetic 
oxides-all the things that can 
get into your machines every 
day. And foul them up. 

Just saturate the special 
white cleaning pad in its jacket 
with the cleaning solution. Then 
insert the jacket into the disk¬ 
ette drive and turn it on. Your 
machine does the rest. The 


heads are microscopically cleaned 
without wear, without abrasion. 

This 3M head-cleaning 
diskette kit has been evaluated 
and approved by major diskette 
drive manufacturers. It’s the 
best possible way to clean your 
heads without service calls or 
machine teardowns. 


the dealer nearest you, call toll 
free: 800-328-1300, 

(In Minnesota, call collect: 
612-736-9625.) Ask for the 
Data Recording Products 
Division. 

(Not yet available tor Burroughs Mini-Disk II, 
Vydecor96TPI Drive.) 


At only $1 per cleaning- 
it’s the best insurance you 
can get. 

This fast-cleaning new Scotch 
kit comes with everything 
you need (including special 
fluid, applicator tip, cleaning 
diskettes) to handle up to 
30 cleanings. That’s only about 
a dollar a cleaning. 

With the Scotch head-clean¬ 
ing diskette kit, you could save 
yourself a lot more than just a 
service call. So try this remark¬ 
able kit today. For the name of 


A Scotch cleaning diskette shown 
before use, and after 15 cleanings 
of recording heads. 
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Po pular Electronics Tests 



Technicolor Model 212 VCR 


Unusually lightweight portable 
uses W' video cassettes 


O F THE many adjectives that could 
be used to describe the Technicolor 
Model 212 VCR, probably the most 
important is portable. Weighing only 7 
lb, including the rechargeable battery, 
having a volume of less than 300 cubic 
inches (9.68" x 10.18" x 3.00"), and 
equipped with a shoulder strap, this 
VCR is not only easy to carry but also 
able to power a hand-held color camera. 
Model 212 will not operate directly from 
the ac powerline and includes no TV 
tuner, but these functions are provided 
by separate modules available from 
Technicolor. Suggested retail price is 
$995.00. 

General Description. The fundamen¬ 
tal difference between the Technicolor 
VCR and other models is in the width of 
the tape it uses. Technicolor is the first 
to use quarter-inch magnetic tape in a 
specially designed cassette to record 
color video. Each cassette, about the size 
of the standard eighth-inch audio cas¬ 
sette, and recording in one direction 
only, can hold up to 30 minutes of video 
information. 

Basically, the format is VHS, with the 
familiar M-wrap, twin rotary heads, 
helical scanning, and FM modulation, 
and the tape moving at 1.26 inches per 
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second. However, the layout and dimen¬ 
sions of each field track are different 
from standard VHS. Each track is 25 
micrometers wide, with 7.5 micrometers 
on each edge allowed for overlap, leav¬ 
ing a useful recording track of 10 
micrometers per TV field. (Fig. 1.) In 
standard VHS each head is tilted by 6", 
in what is called “azimuth” recording, 
to allow for overlap cancellation. In the 
Technicolor version the heads are tilted 
by 11”, allowing for a wider range of 
overlap and a smaller useful track. This 
was done because of the tighter toler¬ 
ances required on quarter-inch tape. 

Power for the unit (consumption is 8 
watts) comes from a rechargeable 12- 
volt battery. When feeding the color 
camera (Model 412) as well as the 
VCR, the battery provides up to 40 min¬ 
utes of operation. Without the camera, 
the recorder can run for up to 80 min¬ 
utes on one charge. The plastic carrying 
case contains a pocket for a spare bat¬ 
tery and a spare cassette, permitting 
about an hour of truly mobile operation. 
A separate ac supply, which also con¬ 
tains a quick-charge facility, is supplied 
with the VCR. This module also in¬ 
cludes video and audio output, as well as 
a full r-f-modulated TV and audio sig¬ 
nal for connection to the antenna termi¬ 


nals of any color TV receiver. Either 
channel 3 or 4 can be selected. 

Another separate module provides 
baseband video and audio outputs and a 
modulated r-f output, all powered by the 
VCR’s 12-volt supply. This is intended 
for operation in conjunction with a por¬ 
table TV receiver working either from 
its own battery or with power drawn 
from a vehicle or boat. An accessory 
power cord allows the VCR itself to run 
from a 12-volt automotive or marine 
battery. 

Still another module contains the TV 
tuner and i-f amplifier for recording TV 
broadcasts. An alternate version of this 
module, which will include a timer, is 
promised for the future. 

All controls and connectors on the 
unit are clustered around the cassette 
holder. Five piano-type levers control 
the basic recorder functions: record, 
PLAY, STOP/EJECT, FAST FORWARD and 
rewind. Near these levers are the bat¬ 
tery condition indicator and two warn¬ 
ing lights, condensation and STILL. 
The cassette holder pops up, allowing 
the cassette to be inserted without any 
chance of touching or snagging the 
tape. 

A 7-pin connector to the ac power 
supply and charger also contains the 
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Fig. 1. Tape track layout 
on ’' 2 -inch video tape. 


Lab Tests. Using the Technicolor 
Model 412 color camera and a well- 
adjusted 19-inch color TV set, we re¬ 
corded and played back a number of dif¬ 
ferent test patterns at different levels of 
illumination and lens settings. Next we 
recorded an outdoor scene in full sun¬ 
light and in the shade, and finally we 
recorded a scene in our lab using only 
existing fluorescent illumination. Dur¬ 
ing all these recordings we operated only 
with the microphone contained in the 


camera. Both the camera operator and 
various subjects, up to 15-feet distant 
from the camera, spoke in normal voice 
levels. 

Reproduction of the video and audio 
was excellent. Automatic control cir¬ 
cuits in the camera apparently provided 
excellent compensation and adjustments 
for the different light levels and for the 
variations in audio. Color test patterns 
mounted alongside the 19-inch color TV 
set provided really surprising color fidel- 


Fig. 2. Results of 
staircase pattern test. 
There is some loss 
of high frequencies, 
but linearity 
was quite good. 




Fig. 3. In the 
window-pattern test, 
the scope picture, here, 
shows loss of high- 
frequency performances; 
but the window on the 
TV set was excellent. 


video and audio output. Connections to 
the camera or to the TV tuner module 
are made through a 10-pin connector 
that also contains the remote record 
command. Thus, either a trigger switch 
on the camera or a relay contact on the 
TV tuner timer can start and stop the 
recording. Also provided is a sound 
dubbing switch and a coax connector 
for microphone input. Another connect¬ 
or permits the use of an earphone. A 
small slide switch near the dubbing 
pushbutton can be set for still-frame 
operation, and a subminiature knob 
nearby is used to optimize tracking. 

Next to the cassette holder, is the tape 
counter and the memory and reset 
switch. These controls permit the opera¬ 
tor to enter specific counter settings into 
a memory so that the VCR will auto¬ 
matically stop at these settings on re¬ 
wind. The battery compartment is ac¬ 
cessible from the control side of the 
VCR and, when the unit is in its plastic 
carrying case, batteries can be changed 
and all controls can be conveniently 
operated. A solid rubber tread protects 
the bottom of the VCR against shock 
and abrasion. 



Fig. 4. Color bar 
pattern test showed 
good results although 
the edges of some 
individual colors 
lost some sharpness. 


ity, even under indoor lighting. Using 
the standard monochrome wedge pat¬ 
tern, we measured vertical resolution at 
220 lines. A slight tendency toward pin¬ 
cushioning was observed, but this was 
due to the camera’s deflection system. 

The same quarter-inch cassette was 
used a total of five times for various 
recordings. We observed no signs of 
noise, drop-out or loss of sync, or any of 
the common color VCR problems. 

Next we operated the VCR through 
the ac power supply and connected our 
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oscilloscope to the video and audio out¬ 
puts, leaving the r-f output connected to 
the TV set. (We had to rig-up a dummy 
camera control cable to be able to record 
video and audio signals from our gener¬ 
ators.) First we recorded video from 1 to 
4 MHz, then a staircase, window, and 
color-bar pattern. Video frequency- re¬ 
sponse dropped below —3 dB at 2.7 
MHz. The results of the staircase pat¬ 
tern recording are seen in Fig. 2. With a 
peak-to-peak input of 1 volt, output was 
about 2 volts. There was some loss of 
high frequencies, but linearity was quite 
good. The window pattern—a white 
window surrounded by a black frame— 
is normally used to check color tempera¬ 
ture adjustments, black level settings, 
etc., on either a TV receiver or camera 
system, but we used it to evaluate both 
high- and low-frequency performance of 
the VCR. We found a near-perfect 
window on the TV set, but the oscillo¬ 
scope picture of Fig. 3 shows the loss of 
high-frequency performance in the 
rounding of rise- and fall-time portions 
of the waveforms. 

Color-bar reproduction on the screen 
was quite good, but, as shown in Fig. 4, 
the edges of individual color bars lost 
some sharpness. While the output am¬ 
plitude for the staircase and window 
pattern was about twice the input, we 
found that the color-bar pattern had less 
output amplitude than the 1-volt input. 
The reason for this lies in the aforemen¬ 
tioned high-frequency response charac¬ 
teristic of the VCR. 

We tested the audio response by 
recording and playing back a series of 
sine-wave signals at an input level of 1 
volt. As claimed by the manufacturer, 
the audio response was flat up to 8 kHz, 
but at 100 Hz it was down about 3 dB. 
In summary, the Technicolor Model 212 
VCR we tested met all of the published 
criteria and performed very well. 

Comments. At first, the size of the 
VCR and, especially, the size of the tape 
cassette, made us somewhat skeptical 
about its performance capability, but as 
testing proceeded, we grew more enthu¬ 
siastic. Although obviously not designed 
to compete with the 4-to 6-hour micro¬ 
processor-controlled VCRs, the Techni¬ 
color Model 212 produces excellent pic¬ 
tures, and is very simple to operate. 

We did not evaluate the TV tuner 
module; but, with it, the recording of TV 
broadcasts can be achieved. In this 
application, of course, the 30-minute 
limit on recording time might be a han¬ 
dicap, though one can switch cassettes 
during a commercial break for most TV 
movies. Also, there aren’t any prere¬ 
corded video tapes for this format, 
though it is reported that arrangements 
have been made to produce them. 

The main attraction of the unit, of 
course, is its portability. This gives the 
user a new dimension of enjoyment— 
selfmade video recordings with a light¬ 
weight easy-to-use machine. Quality of 
the recording is excellent, which is of 
high importance. —Walter Buchsbaum 

CIRCLE NO. 103 ON FREE INFORMATION CARD 


Turn your TV into a time-sharing 
videotex display for $399: 


Now you can connect your family to 
the informative and entertaining world 
of CompuServe, The Source, Dow 
Jones News/Retrieval and other time¬ 
sharing and data-base networks. 

All you need is the RCA VP-3501 
Videotex Data Terminal (with built-in 
modem and RF modulator), your tele¬ 
phone and your TV set. You can get 
instant access to regional newspapers 
and newsletters...weather reports and 
sports results...computer games and 
more. You can use the VP-3501 to 
make airline reservations...find restau¬ 
rant recommendations in cities around 
the world. Plus stock market and cor¬ 
porate data. Or access your school or 
business computer. You can even 
send electronic mail and buy products. 

In addition to information retrieval, 
the VP-3501 provides full interactive 
communications with a host computer. 
What you have working for you is a 
versatile, feature-packed interactive 
data terminal which can be worth far 
more to you than its low price. Its 
unique color-locking circuitry gives you 
sharp color graphics and rainbow-free 
characters. You get 20- and 40- char¬ 
acter formats in one of eight fore¬ 
ground colors and separate color 
backgrounds. 


With reverse video, you can empha¬ 
size certain letters, words, or sen¬ 
tences. A built-in tone generator...plus 
a white noise generator...let you create 
everything from the sound of explo¬ 
sions to the sound of music. The spill- 
proof, easy-to-clean keyboard is highly 
suitable for hostile environments. And 
its membrane key switches give you a 
natural feel. 


The VP-3501 is truly a fine Videotex 
Data Terminal. And don’t forget, it’s 
made by RCA...the first name in tele¬ 
vision...now the foremost name in 
videotex terminals. 


See a demonstration at your com¬ 
puter or electronics dealer, or contact 
RCA. Order now and you’ll get a free 
password and a free hour’s time-shar¬ 
ing on both CompuServe and Dow 
Jones News/Retrieval! (Limited time 
offer.) 


For more information or to order, call 
toll-free. 800-233-0094. (In Pennsylva¬ 
nia, call 717-393-0446.) Visa or Master- 
Card orders accepted by phone. Or 
send a check including $3.00 delivery 
charge plus your local sales tax to 
RCA Microcomputer Products, New 
Holland Avenue, Lancaster, PA 17604. 
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At HE. von get 
electronics 


training 

front 

specialists* 


If yo«Ve interested in learning how to fix air 
conditioning, service cars or install heating systems — 
talk to some other school. But if you’re serious 
about electronics... even earning an Associate Degree... 
come to CIE —The Electronics Specialists. 



POPULAR ELECTRONICS 










Mi 


tages to putting all your eggs in one 
basket. “John, he said, “learn to 
do one important thing better than 
anyone else, and you’ll always be 
in demand.” 

I believe he was right. Today is 
the age of specialization. And I 
think that’s a very good thing. 

Consider doctors. You wouldn’t 
expect your family doctor to perform 
open heart surgery or your dentist to 
set a broken bone, either. Would you? 

For these things, you’d want a 
specialist. And you’d trust him. Be¬ 
cause you’d know if he weren’t any 
good, he’d be out of business. 


Why trust your education 
and eareer future to 
anything less than a 
specialist? 

You shouldn’t. And you certainly 
don’t have to. 

FACT: CIE is the largest inde¬ 
pendent home study school in the 
world that specializes exclusively 
in electronics. 

We have to be good at it because 
we put all our eggs in one basket: 
electronics. If we hadn’t done a good 
job, we’d have closed our doors 
long ago. 

Specialists aren’t for 
everyone. 

I’ll tell it to you straight. If you 
think electronics would make a nice 
hobby, check with other schools. 

But if you think you have the 
cool — and want the training it takes 
—to make sure that a sound blackout 
during a prime time TV show will be 
corrected in seconds—then answer 
this ad. You’ll probably find CIE has 
a course that’s just right for you! 

At CIE, we combine 
theory and practice. Tou 
learn the best of both. 

Learning electronics is a lot 
more than memorizing a laundry list 
of facts about circuits and transis¬ 
tors. Electronics is interesting be¬ 
cause it’s based on some fairly recent 
scientific discoveries. It’s built on 
ideas. So, look for a program that 
starts with ideas—and builds 
on them. 

That’s what happens with CIE’s 
Auto-Programmed® Lessons. Each 
lesson uses world-famous 
“programmed learning” methods to 
teach you important principles. You 
explore them, master them com¬ 
pletely ... before you start to 
apply them! 

But beyond theory, some of our 
courses come fully equipped with 
the electronics gear to actually let 
you perform hundreds of checking, 
testing and analyzing projects. 

In fact,depending on the course 
you take, you’ll do most of the basic 
things professionals do every day— 
even use a Digital Learning Laboratory 
to apply the digital theory essential 
today to keep pace with electronics 
in the eighties. 


Plus there’s a professional quality 
oscilloscope you build and use to 
“see” and “read” the characteristic 
waveform patterns of electronic 
equipment. 


the exams get their Licenses. You 
may already know that an FCC 
License is needed for some careers 
in electronics—and it can be a 
valuable credential anytime. 


You work with experi¬ 
enced specialists. 

When you send us a completed 
lesson, you can be sure it will be 
reviewed and graded by a trained 
electronics instructor, backed by a 
team of technical specialists. If you 
need specialized help, you get it fast 
... in writing from the faculty spe¬ 
cialists best qualified to handle 
your question. 


Associate Degree 

Now, CIE offers an Associate in 
Applied Science Degree in Electronics 
Engineering Technology. In fact, 
all or most of every CIE Career 
Course is directly creditable 
towards the Associate Degree. 

Find out more! Mail this 
card for your FREE 
CATALOG today! 



If the card is gone, cut out and 
mail the coupon. 

I’ll send you a copy of CIE’s 
FREE school catalog, along with a 
complete package of independent 
home study information. 

For your convenience, I’ll try to 
arrange for a CIE representative to 
contact you to answer any questions 
you may have. 

Remember, if you are serious 
about learning electronics... or 
building upon your present skills, 
your best bet is to go with the elec¬ 
tronics specialists—CIE. Mail the 
card or coupon today or write CIE 
(and mention the name and date of 
this magazine), 1776 East 17th 
Street, Cleveland, Ohio 44114. 


People who have known 
us a long time, think of us 
as the “FCC License 
School.” 

We don’t mind. We have a fine 
record of preparing people to take... 
and pass... the government- 
administered FCC License exams. 

In fact, in continuing surveys nearly 
4 out of 5 of our graduates 


Cleveland Institute of Electronics, Inc. 

1776 East 17th Street. Cleveland, Ohio 44114 


□ YES.. • John, I want to learn from the specialists in electronics — CIE. 
Send me my FREE CIE school catalog — including details about the Associate 
Degree program — plus my FREE package of home study information. 


Print Name 




State 


Zio 


Phone(area code 1 

Check box for G. I. Bill information: □ Veteran 

Mail today! 

□ Active Duty 
















OSfet 

POWER AMPLIFIER 
MODULES 

* Stata-oMI 


60, 120 and 240 watt amplifiers utilizing the latest 
technological advance in audio ... the MOSFET. They 
provide faster slew rate and complete absence of 
crossover distortion. They are immune to thermal 
runaway, increasing long term reliability and eliminating 
the need for complicated protection circuitry 
Frequency response — 15 Hz — 100 KHz (-3 db). THD 
(Typical at 1 KHz) - 0.005%. IM (60 Hz and 7 KHz 
sinewave, 4:1 ratio) — .006%. S/N Ratio (DIN standard) 
— 100 db. Slew rate — 20 V/uS. Rise time — 3 uS. Input 
sensitivity/impedance — 500 MV/IOOk ohm. Output im¬ 
pedance — 4 ohms to infinity. Damping factor — 400. 
MOS120 60 watt MOSFET Amplifier (8 ohms) $ 79.95 
MOS200 120 watt MOSFET Amplifier (8 ohms) $129.95 
MOS400 240 watt MOSFET Amplifier (4 ohm). $199.50 

BIPOLAR HU III *■“ 

POWER 1111111 hea,8lnks 

AMPLIFIER 
MODULES 
PERFORMANCE SPECIFICATIONS: 

Frequency response — 15 Hz — 50 KHz (-3 db). THD 
(Typical at 1 KHz) — 0.1%. IM Distortion — 0.006%. S/N 
ration — 100 db. Slew rate — 15V/uS. Rise time — 5 uS. 
Input sensitivity/impedance: 500 Mv/100 Kohms. Damp¬ 
ing factor — 400. Power rated into 8 ohms (except 
HY400 rated into 4 ohms). 

HY30 (15 watts RMS) .$25.95 

HY 60 30 watts RMS).$29.95 

HY120 (60 watts RMS) .59.95 

HY200 (120 watts).79.95 

HY400 (240 watts RMS) .99.95 

FP480 "Bridges" 2 HY400S for 480 watts RMS .. 20.00 
NEW HEAVY DUTY SERIES. With PERMANENT SHORT 
CIRCUIT PROTECTION. Similar in size, features and per¬ 
formance to bipolar modules. 

HD120 (60 watts RMS) .$69.95 

HD200 (120 watts RMS). 89.95 

HD400 (240 watts RMS). 124.95 

Rack- 
Mount 
Cabinet 
$49.95 



Attractive, rugged, professional 19" rack-mount cabinet 
for easy assembly of your ILP amplifier system. 
Amplifier modules (2 of) mount on pre-cut back panel. 
Power supply unit mounts inside chassis. Complete 
assembly and wiring is a breeze, taking about one hour! 
Specify which amplifier you will be using: HY120, 
HY200, HY400, MOS120, MOS200 or MOS400. 

Power Supply Units 

Circuit boards with all components plus TOROIDAL 
transformers (except PSU30 and 36). Toroidals are half 
the size and weight of conventional transformers; and 
are quieter and more efficient. 


PSU50 (± 25V) for 1 or 2 HY50.$39.95 

PSU60 (± 35V) for 1 HY120.51.00 

PSU70 (± 35V) for 1 or 2 HY120 . 64.00 

PSU75 (± 45V) for 1 or 2 MOS120 . 64.00 

PSU90 (± 45V) for 1 HY200 . 65.50 

PSU95 (± 45V) for 1 MOS200.72.00 

PSU180 (± 45V) for 1 HY400 or 2 HY200 . 89.50 

PSU185( ±55V)for 1 or 2 MOS200 . 95.00 

PSU36 (± 20V) for 1 or 2 HY30 . 33.60 

PSU30 (± 15V) for combinations of HY6/HY66 series to 
a maximum of 100 mA or one HY67 . 22.95 


GLaasTonE 

Electronics Phone Orders (716) 649-0735 

Gladstone Electronics' 

901 Fuhrmann Blvd., Buffalo, NY, 14203 


Charge to ( (Visa ( (Mastercard 

Card #_Expiry_ 

Enclosed ( (check ( (money order for*_ 

Please send_ 

FREE INFORMATION CARD 
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Another Small Computer 

F you’ve been considering picking up 

a small portable microcomputer sys¬ 
tem, take a look at the Attache from 
Otrona (2500 Central Ave, Boulder, 
CO. 303-444-2274). 

This classy little system weighs less 
than 20 lb, fits in a half cubic foot, and 
offers the following features: 

• A Z-80A processor 

• A 5-in. CRT, that supports an 
80x24 display plus raster-style dot 
graphics 

• Two 180K-byte drives 

• A full-sized, flip-down keyboard 

• 64K bytes of RAM 

• A direct memory processor to re¬ 
lieve the main processor from I/O 
duties 

• Two multi-protocol ports 

• CP/M; WordStar; BASIC-80; 
UCSD Pascal; Valet, an interrupt 
manager; and Charton, a plotting 
software package. 

If all of that isn’t enough, the Otrona 
folks have also included a clock/calen¬ 
dar and a sound synthesizer. 

Should you want to pack it around 
with you, Otrona offers dc operation 
with battery and charger option, plus an 
accessory pouch for all the extra good¬ 
ies. An optional full-sized video monitor 
and an Epson MX-80 printer may be 
attached. 

If you’re thinking that’s a lot of stuff 
to come in a small box, you are right. 
More important, however, is that the 
box is designed right and has upgrade 
built in. Don’t expect to pick this 
machine up cheap. It’s in the under- 
$4000 bracket, but worth every cent. 

Software Tools. If these are in your 
game plan, contact Microsoft Consumer 


By Carl Warren 


Products, Bellevue WA, or drop into 
your local computer store to get infor¬ 
mation on a program called TASC. This 
‘tool’ will take a source code written in 
Applesoft BASIC and compile it into 
machine code. The program not only 
compiles the code, thus speeding up 
execution, but uses a compression 
scheme to eliminate size restrictions 
usually found with compilers. 

And, if you are looking for a docu¬ 
mentation tool for your BASIC pro¬ 
grams, call Phil Wellhof at BPS (203- 
853-6880) and ask about BPSXREF. 
This tidy program will produce a for¬ 
matted program with an alphabetized 
list of program variables and functions 
cross-referenced to the line numbers 
where they are to be found. This pack¬ 
age works with Microsoft’s BASIC-80 
ver 5.x, requires CP/M, and at least 
48K of RAM. It’s a $124 package and 
might be worth the price if you are 
developing complex programs. 

Computer Music? Fans of computer 
music who happen to own a Heath H-89 
or H-8 system should give Skip Barron a 
yell at Mako Data Products (1441-B N. 
Red Gum, Anaheim, CA 92806. 714- 
632-8583) and ask about the PSGx2 
Programmable Sound Generator. This 
board sells for $125 for the H-89 ver¬ 
sion, $225 for the H-8. Be sure to add $5 
for shipping. 

The H-89 board fits neatly into one of 
the open slots on the right side of the 
motherboard (position P504) and sports 
four AY3-8910 programmable sound 
generator chips and a small speaker. 
Mako has included an extra miniature 
phono jack if you want to plug in a 6-in. 
magnet speaker. 
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There happens to be more to the board than just sound. 
Included are four 8-bit parallel I/O ports that can be used for 
adding game paddles or for coupling to a light-bulb system to 
pulsate in time with the music. 

Interestingly, you can program this board with BASIC or 
assembly code. I recommend a combination of both, since 
you’ll most likely want to change parameters quickly. 

To help in getting acquainted with the board’s operation 
quickly, Mako supplies a demo disk that guides you through 
the programming part, and a diskette of a computer piano. 

If you’re into writing game software, and want to add that 
extra touch, then add the sound generator board. If you are 
unsure of how to create the fancy programs, drop into your 
local Heath Electronic Center and join a HUG group. Many 
members have written some great programs that can be found 
on the HUG bulletin board (which is on MicroNet). 

Interactive Data-Processing Systems. Thinking about 
setting up a complete interactive data-processing system and 
want everything to be compatible? Then consider the Micro¬ 
Pro International line of generic-type software that is designed 
for CP/ M. 

Included in this group are: WordStar 3.0, DataStar, and 
SuperSort. These packages are all designed to work in concert 
and provide full data-handling capability. WordStar for 
example, is the well-known word-processing system that 
incorporates a spelling dictionary (SpellStar) and merge 
operations in one package. This means you can develop letters 
and merge in the address information. In addition, by employ¬ 
ing DataStar, which is a unique data-base management sys¬ 
tem, you can even create detailed reports or your own 
business journals. 

DataStar is designed to function with any terminal employ¬ 
ing X-Y addressing, and permits the creation of fill-in 
formats for data entry. Like WordStar, DataStar uses menus, 
displayed at the top of the screen, to assist in data entry or 
form design. 

An interesting feature of DataStar is that it allows various 
data forms to be linked for a full-featured data base. For 
example, you can create an address file for companies, then a 
separate file for the products that these companies carry. You 
do this by defining a field to represent a link to the other data, 
and when used in conjunction with WordStar, print out the 
detailed report. 

Because data is useless if not ordered in some way, Super- 
Sort can be used to order the data in any useful manner. This 
program is callable from other languages and can become an 
integrated part of that super business system you’re writing. 

Surprisingly, you aren’t limited to the MicroPro packages, 
but can combine them with other CP/M-compatible products 
such as BASIC, dBase II, or even Sorcim’s SuperCalc elec¬ 
tronic spread sheet. But MicroPro is offering enough flexibil¬ 
ity so that you can stick with just their products if you prefer. 
Furthering this generic concept, MicroPro is also offering 
CalcStar, an electronic spread sheet that is fully compatible 
with other products in the line. This package, which should 
now be available in most computer stores, is priced at $295, 
and provides the ability to perform sales forecasts, cash flow 
analysis, and complete control over complex numerical prob¬ 
lems. If you are using an Apple II, the package is priced at 
$195; the TRS-80 version is $150. Like the rest of the pack¬ 
ages, a screen menu is provided to aid in its use. 

We’ve found that all the MicroPro packages are easy to use 
and quick to install, with the exception of CalcStar, which we 
haven’t had a chance to look at closely. The DataStar pro¬ 
gram comes with an Install utility that provides a menu selec¬ 
tion of various terminal types. Of course, ours, a Heath H-89, 
wasn’t on the list, so we used the alternative method of instal¬ 
lation. 

The latter is unlike the one found with WordStar. Rather 
than taking you through each attribute with prompts, it’s nec¬ 
essary to employ Digital Research’s CP/M Dynamic Debug¬ 
ging Tool (DDT) and “patch” various areas in the code. 

Although we were able to do this installation in about an 
hour, we felt that MicroPro didn’t provide enough in- 
JANUARY 1982 





































s'omputersu 


Computer Languages in Public Domain for CP/M 

Compiled by Stan Veit 

AVAILABLE FROM CP/M USERS GROUP 

2248 Broadway, Suite 34, New York, N.Y. 10024 


formation on the process. In our case, we 
happen to be familiar with the operation 
of DDT and understood what was neces¬ 
sary in performing the changes. Howev¬ 
er, it appears that the novice user would 
have some difficulty in getting the pack¬ 
age to work. 

One way around this is to have the 
store where you purchase the package 
install it for you. They supposedly know 
the machine and should have in-depth 
knowledge of the software packages 
they sell. 

Because the MicroPro packages do 
take up a significant amount of room on 
a diskette, you might find that you don’t 
have enough room for everything. If so, 
what you might consider doing is creat¬ 
ing a diskette with the basics of Word¬ 
Star, dropping off the messages, and 
avoid putting on a system. Of course, 
this means you must have at least a 
three-disk system for operation, but it is 
workable. 

In respect to the size problem, we 
found that you can avoid a lot of prob¬ 
lems with the H-89 by using the Mag¬ 
nolia Microsystems double-density 
board reviewed last month in this col¬ 
umn. We found that we could put 
WordStar with MailMerge, and Data- 
Star plus SuperSort on one 5.25-in. disk¬ 
ette, thus freeing up two other 5.25-in 
drives, and one 8-in. drive for data. 0 
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The printer you 
always wanted 
but could 
never afford. 



now you 
can afford. 



The most revolutionary thing about the Epson MX-8C 
isn't the bidirectional printing or the logical seeking func¬ 
tion. It isn't even the disposable print head 
— although that's pretty revolutionary. 

The most revolutionary thing about the 
MX-80 is the price. How, you may ask, 
could a printer that does as much as the 
MX-80 cost less than $650? 

Frankly, it wasn't easy. But the MX-80 
could only have come from the world's 
largest manufacturer of print mecha¬ 
nisms. Epson. 


The world's first disposable print head. When it 
wears out, you can just throw it away, because it's 
one of the least expensive print heads you can buy. 
And you can change it yourself with one hand. 



EPSON 


We spent three long years designing the MX-80 from 
the ground up to have all the functions people wanted, to 
be reliable like all Epson Printers, and to be 
produced on a scale that would allow us to 
charge less for each one. The MX-80 is our 
proof that it can be done. 

Among its features, the MX-80 prints 96 
ASCII, 64 graphic and eight international 
characters in a tack-sharp 9x9 matrix. It 
prints bidirectionally at 80 CPS with a 
logical seeking function to maximize 
throughput. And it has the world's first 
disposable print head. 

If you've ever wanted a printer that 
could do it all at a price you could afford, 
you've got to see the Epson MX-80. 

~ seeing is believing. 


EPSON AMERICA, INC. 

3415 Kashiwa Street, Torrance, California 90505 • Telephone (213) 539-9140 
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Ashton Tate dBase II 
Computer Software 


W ITH ALL the new computers 
designed to improve productivity 
and ease handling of data, there has 
come a plethora of database managers. 
One such product is dBase II from Ash- 
ton-Tate. Designed to operate with sys¬ 
tems employing Digital Research’s CP/ 
M, dBase II is referred to as a relational 
database management system. 

Relational databases are made up of 
connections between data elements—a 
name/address file, for example. It is the 
job of the management system to recom¬ 
bine these elements in the database to 
form different relationships, and thus 
allow greater flexibility in the use of the 
data. The dBase II system does this in a 
number of ways. 

Supporting the flexibility in handling 
data is an integral programming lan¬ 
guage dubbed Application Design Lan¬ 
guage (ADL), which exhibits many of 
the properties associated with Pascal 
and PLI. (It takes about two hours to 
become practiced in the use of ADL.) It 
enables you to quickly define input 
forms and various hardcopy output re¬ 
ports, perform batch operations, and 
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have full control over the data structure. 
It also allows screen control. 

Databases created with dBase II can 
be used with other languages—BASIC, 
COBOL, and assembly, for example— 
without redefinition. In addition, the 
data can be used in concert with word 
processors, such as MicroPro’s Word¬ 
Star, for inserting names and addresses 
in letters. Even more exciting, the data 
can be shared with such software sys¬ 
tems as Sorcim’s SuperCalc, an elec¬ 
tronic spreadsheet, simply by telling 
dBase II that the file being created is to 
be interchangeable. 

Although the software package is de¬ 
signed to be compatible with numerous 
other languages and software systems, it 
can be used as a stand-alone system to 
create full business packages. 

The Basic Package. The basic dBase 
package is offered in a variety of disk¬ 
ette sizes and formats, to accommodate 
the numerous microcomputers using 
CP/M. You can order the package in 
standard form on 8-in., single-density 
IBM-format diskettes, or 5.25-in., 10- 


sector Heath/Zenith-compatible disk¬ 
ettes. The basic price for dBase II, 
which includes a two-part user manual 
and two diskettes, is $700. 

Ashton-Tate’s two-diskette system is 
unique in that one diskette is a demo 
having all the dBase II facilities but sup¬ 
ports only 15 records per file and a num¬ 
ber of demonstration programs. With 
this method, you can try the package 
and return it for a full refund if you 
don’t like it. Moreover, while using this 
limited version, you can create data 
structures that best meet your specific 
needs, all at no cost. If you decide that 
the product is what you want, you can 
open the sealed and coded systems dis¬ 
kette—but then the package is yours 
and cannot be returned. 

Although dBase II in the standard 
version is designed to handle 65,535 
records per database, you can purchase 
a $350 version for the Apple II equipped 
with Microsoft’s softcard that supports 
5,000 records. This one is delivered in 
the same manner as the standard. 

If you’re thinking it might be wise to 
buy the less-expensive Apple version 
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and then upload it for use on a larger 
system, forget it. The Apple dBase has 
software hooks that rely on the 6502 
microprocessor to operate properly. 

Installation. Installing dBase II is 
easy. The first thing to do is make a copy 
of the software on a diskette that has 
been SYSGENed (a CP/M system has 
been placed on the diskette), then bring 
up the install program. 

If dBase II is operating properly, a 
menu offering a choice of 10 popular 
systems is displayed. If your particular 
terminal isn’t shown, you are given the 
opportunity to enter those characteris¬ 
tics unique to your terminal. In addition, 
you have the option of choosing whether 
or not you want full-screen functions, 
such as highlighting and full cursor 
movement. 

Once dBase is installed, the program 
is ready to run. The system signs on by 
asking you to enter the date, which can 


A>type mail.and 

REMARK WHEN READY, HIT CARRIAGE RETURN 
WAIT 

SET TAIK OFF 


controller with three 5.25-in. disk drives 
(90K each), and with a Magnolia dou¬ 
ble-density controller supporting two 
5.25-in. drives (161K each) and one 8- 
in. drive operating in double density 
(600K). We have installed dBase on our 
20M-byte hard-disk system. 

The first part of the evaluation was to 
install the program, which took only a 
few seconds. Next, we created a data 
structure (Fig. 1) that defined 373 bytes 
per record (up to 1,000 records are per¬ 
mitted with the maximum field being 


. display structure 
STRUCTURE FOR Fills C:MAIL.DBF 
NUMBER OF RECORDS: 00135 
DATE OF LAST UPDATE: 00/00/00 
PRIMARY USE DATABASE 
FU) NAME TYPE WIDTH 

001 CODE C 002 

002 00: NAME C 030 

003 CONTACT C 030 

004 ADD1 C 030 

005 ADD2 C 030 

006 CITY C 030 

007 STATE C 002 

006 ZIP C 006 

009 PHONE C 013 

010 EXT C 005 

Oil CCT:INK> C 100 

012 PHODUCT C 100 


DEC 


SET PRINT ON 
GO TOP 

DO WHILE .NOT. EOF 

DISP OFF CODE 
DISP OFF CONTACT 
DISP OFF CO:NAME 
DISP OFF ADD1 
DISP OFF ADD2 
DISP OFF J(CITY,1,30)-(\ 
DISP OFF PHONE 


'+$(STATE,1,2))-(' •+$(ZIP,1,6)) 


Fig. 2. Command file to print 
the index in mail-list form. 


SET PRINT OFF 
SET TAIiC ON 
REMARK ALL DONE 
RETURN 



A>‘L 


be ignored by entering a return. The 
system then prints a period (.) as a 
prompt and is ready to receive any num¬ 
ber of data- and file-handling com¬ 
mands. These commands are broken 
down into nine groups: file creation, 
addition of data, editing of data, record 
positioning, data display, file manipulat¬ 
ing, variation by memory, changing 
files, and controlling devices. 

Besides those directly related to data 
manipulation, in the full-screen mode 
there are a number of commands that 
handle the cursor and permit editing. 
These screen operation controls include 
functions for moving the pointer when 
editing or appending. 

Evaluation. The version of dBase II 
that we were supplied was 2.01 config¬ 
ured on a 10-sector, 5.25-in. diskette 
compatible with a Heath H-89 system. 
We have our system configured in two 
ways: standard Heath and Heath disk 


100 bytes) and 12 fields (32 maximum 
are allowed). All fields were defined as 
character fields, but numeric or logical 
definitions can also be used. With nu¬ 
meric definitions, a decimal point is 
required; with logical definitions, you 
can use one of the following values: 
True, False, Yes, or No. 

Once the structure was created, we 
used it with no index. Data was entered 
by pressing the append key, although it 
is possible to set up a command file to 
have menus that permit adding, editing, 
modifying, or deleting (for example). A 
total of 135 records was entered, with 
some fields left blank. 

With the database created, we en¬ 
tered the edit mode to quickly review 
each file to ensure that no mistakes were 
entered by us or by dBase. We then 
sorted the data by company name. Total 
time for the sort was 5.05 minutes on the 
Heath standard system, and 1.5 minutes 
using the double-density controller and 
8-in. drive. 

We next checked dBase’s ability to 
index data. First we indexed the original 
file by company name. Since the file was 
already created, the index function had 
to look at the file and build the index file 
for quick access. Surprisingly, even on 


the standard Heath system this took 
only a little under a minute, and was just 
a slight improvement on the 8-in. drive 
in double density. 

The indexing function gives the abili¬ 
ty to arrange data on one or more fields 
in the sequence you would like it to come 
back. However, remember that data 
viewed in its indexed form requires that 
you use the data file with the index file. 
One problem we encountered in this pro¬ 
cess was in deleting records while in the 
index mode. What happens is that, cur¬ 
rently, the index function and delete 
are mutually exclusive, so if you delete 
while indexing, the pointers are lost and 
dBase gives an error message that the 
record is too high and thus not locatable. 
This is easily corrected by going back to 
the command mode, using the database 
file without the index file, and packing 
it. This deletes records where marked 
and resets pointers. The index file, how¬ 
ever, is now useless and must be deleted 
and rebuilt by simply entering the index 
on command. Regardless of how many 
times we caused this error, no data was 
lost or skewed into another record. 

Because one of the prime features of 
dBase II is providing reports, we built a 
command file (Fig. 2) to print the file in 
mail-list format for labels. Notice, in the 
figure, that common English language is 
used to tell dBase what to do and where 
to put the data. 

In our basic data structure, we 
created a code that allowed us to define 
what category the company belonged in. 
This unique code becomes a key that 
enables definition in a command file of 
what records to print, or, using the COPY 
command, permits building a separate 
database on the code entry. 

With the report command, you can 
define a report format that is used any¬ 
time data must be printed. Some fea¬ 
tures in the report functions include per¬ 
forming control breaks and the ability to 
total and subtotal. But even at that, it is 
not totally functional. The report com¬ 
mand asks you the carriage width of 
your printer, but ignores it if the report 
file you create sets data widths greater 
than the defined width. What happens is 
that data fields longer than the carriage 
width will be printed on the next line, 
rather than report performing a dy¬ 
namic pagination which would permit 
very wide reports on a narrow printer. 
Even though this capability doesn’t exist 
in the report generator, you can build a 
command file using ADL to perform it. 
Basically, the report function of dBase 
is good for taking quick snapshots of the 
data or generating reports with few 
fields. 

One interesting aspect of dBase is its 
ability to permit exact X-Y cursor ad¬ 
dressing by using the say function. By 
specifying the screen location, unique 
data-entry forms can be created. 

Powerful Language. The most strik¬ 
ing feature of dBase II is its employment 
of ADL. This language allows for the 
creation of command files that perform 
a host of tasks. For example, a complete 
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You’ll like our service. You’ll love our price 


Ohio Scientific Superboard II $ 329 . 



1 It’s the first complete computer 
system on a board. 

> Superboard II uses the ultra power¬ 
ful 6502 Microprocessor 
- 8K Microsoft BASIC-in-ROM 


• 4K static RAM on board, expand¬ 
able to 8K 

• Full 53-key keyboard, with upper 
and lower case. Plus user expand¬ 
ability. 

• Video interface and audio cassette 
interface. 

The Ohio Scientific Superboard II at 
$329 — in today’s economy — has got 
to be the best buy by far. It will enter¬ 
tain you with spectacular graphics 
made possible by its ultra high resolu¬ 
tion graphics and super fast BASIC. It 
will help you in school or industry, as an 
ultra powerful scientific calculator. Ad¬ 
vanced scientific functions and a built-in 
“immediate” mode allow you to solve 
complex problems without 
programming. 


The Superboard II can be expanded 
economically, for business uses, or to 
remotely control your home appliances 
and security. Even communicate with 
other computers. 

Read what’s been written 
about Superboard II: 

“We heartily recommend Superboard II 
for the beginner who wants to get into 

A real computer with full 
expandability.” 

-POPULAR ELECTRONICS, MARCH 1979 

“The Superboard II is an excellent 
choice for the personal computer en¬ 
thusiast on a budget.” 

—BYTE, MAY 1979 


Buy Now. Quantities Limited! 0S-65D V3.3 Operating System 


610 Board For use with Superboard II and Challenger 1P. 

8K static RAM. Expandable to 24K or 32K system total. 

Accepts up to two mini-floppy disk drives. Requires + 5V 
@4.5 amps. 

Mini-Floppy Disk Drive Includes Ohio Scientific’s PICO 
DOS software and connector cable. Compatible with 610 
expander board. Requires + 12V @ 1.5 amps and + 5V 
@0.7 amps. [Powersupply&cabinetnotincluded.] 311 

4KP4K RAM chipset. 79 

PS-005 5 V 4.5 amp power supply for Superboard II. 45 

PS-003 12V power supply for mini-floppies. 45 

PF Modulator Battery powered UHF Unit. 35 

Cl P Sams Cl P Service manual 8 

C4P Sams C4P Service manual 16 

Ohio Scientific and independent suppliers offer hundreds of programs 
for the Superboard II, in cassette and mini-floppy form. 


, a 6502 Assembler Editor and debugger utility. 
Available for C1P, C4P and CBP floppy disk computers. 

• Expanded to a self-teaching operating system. V3.3 comes ir 
a 6 disk set with an easy-to-follow manual which leads the first 
ir from the operation of simple 


•BASIC feature l.,_ _ 

editor, full upper/lower case compatibility with '‘Normal" 
typewriter operation, PRINT USING, and screen formatting 
capability. 

• Improved graphics support including direct X, Y plotting and 
the ability to dump medium resolution [64 x 128) graphics 
directly to the AC-19A low cost printer. 

- Enhanced utilities including greatly simplified Create, Initialize 
-- 3, new Single Disk Copier, a i 


and Delete functions, n 


Freight Policies All orders of SI 00 

or more are shipped freight prepaid. Orders of less than 
$100 please add $4.00 tr-- 




Guaranteed Shipment 

Components 


To Order: Or to get our free catalog CALL 1-800-321-5805 TOLL FREE. Charge your 
order to your VISA or MASTER CHARGE account. Ohio residents call: [216] 464-8047. Or 
write, including your check or money order, to the address listed below. 

| CLEVELAND CONSUMER 
j COMPUTERS & COMPONENTS 
jP.O. Box 46627 
i Cleveland, Ohio 44146 


Order Form: 

CLEVELAND CONSUMER 
COMPUTERS & COMPONENTS 
P.O. Box 46627 Cleveland, Ohio 44146 

□ Superboard II $329. 

□ 610 Board $298. 

□ Mini-Floppy Disk Drive $311. 

□ RF Modulator $35. 

□ 0S-65D V3.3 (Specify System] $79. T q TAL CHARGED OR ENCLOSED $_ 

□ C 1 P Sams Service Manual $B. ^ u s ' and a™* 

[Attach separate sheet for other items . ] prices subject to change without notice 


Payment by: VISA_ 

Credit Card Account# _ 
Expires_ 


_ MASTER CHARGE_ 


_ MONEY 0RDER_ 


_ Interbank#[MasterCharge]_ 


>■1 
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computers. 


turnkey business system can be written 
using the language and CP/M’s auto 
command function. So when the com¬ 
puter is turned on, the operator is imme¬ 
diately into the application. 

In addition, the files can be so written 
as to handle batch work and automatic 
posting from the accounts ledgers to the 
general ledger. Because ADL has func¬ 
tions similar to BASIC’s PEEK and 
POKE in the form of store and 
restore, functions involving system 
memory can be established, such as 
looking at a modem port. 


Documentation. The software pack¬ 
age comes with a three-ring binder 
divided into two sections. The first is 
designed to get the first-time user up 
and running and give him the basic 
background to use dBase. Section II 
goes into more definition of the program 
and ways to build command files. 

Although this attempt to provide a 
quickly usable manual is laudable, it 
still has shortcomings. For example, no 
index is provided for rapid access to the 
various commands. Furthermore, im¬ 
portant functions such as copying speci- 


If you’re looking for trouble, 
you came to the right place. 



When you’re testing circuitry, 
you need the best trouble¬ 
shooter around: The AP 
Test Clip. 

It's made with a narrow 
nose shape that allows 
for easy attachment on 
high density boards. 

Nailhead pins that . 
keep probe hooks 
trom sliding oft ends. 

Open nose design that 
permits probe tip access 
to DIP leads. And a contact 
comb that fits between DIP 
leads, eliminating any possi¬ 
bility of shorts. All these little 
design differences add up to the 
ultra-reliable, safe, quick DIP 
troubleshooting you need. 

You can buy AP Test Clips in 
22 standard or connector- 


s 


compatible models in 11 sizes. 
(They’re also available with 
long, headless test lead pins for 
attachment to AP 
jumper cable 
assemblies.) 

And every one is 
made with highest 
quality engineer- 
ing-and industrial- 
grade materials 
for long life and 
reliability. 

So don’t go looking for trouble 
until you’ve contacted your AP 
PRODUCTS distributor and 
ordered AP Test Clips—the best 
little troubleshooters around. 
Call TOLL FREE, 800-321-9668, 
for the name of the distributor 
nearest you. (In Ohio, call col¬ 
lect: (216)354-2101.) 


ap 


AP PRODUCTS 
INCORPORATED 
9450 Pineneedle Drive 
P.O. Box 603 
Mentor, Ohio 44060 
[216] 354-2101 


fied fields into a new database are 
buried, as is the information on creating 
interchangeable CP/M files. But, ac¬ 
cording to Ashton-Tate, the manual is 
being rewritten, and functional bugs like 
the one described in the report generator 
are being changed in version 2.2. 

Comments. In general, dBase II is one 
of the most powerful software packages 
we have seen. We found it extremely 
flexible in data handling, and employ¬ 
ment of a command language has made 
the package a complete stand-alone tool 
for developing our own business- 
oriented programs. 

Moreover, we were able to easily mod¬ 
ify the database structure without de¬ 
stroying previously entered data. And 
we could automatically create specific 
databases from one large database. Cur¬ 
rently, we have in excess of 3,000 entries 
of computer and peripheral manufactur¬ 
ers on our hard-disk system, and we’ve 
defined specific command files that per¬ 
mit report generation based on product 
type, company size, projected growth, 
and many other attributes. 

An interesting application that we de¬ 
veloped was to put the database on our 
in-house communication setup and use 
dBase to create a menu-driven system 
for accessing various data files we use in 
our work. This has not only provided us 
with quick access to important data, it 
also gave the ability to update the data¬ 
base from virtually anywhere. 

There is a problem with dBase which 
we discussed at length with George 
Tate, president of Ashton-Tate: dBase is 
not frugal with disk space, because 
fields aren’t compressed. So, if you 
define a 100-byte structure but use only 
80 bytes on any given entry, 20 are 
wasted on disk. Tate pointed out that, 
while nothing can be done to overcome 
this wastefulness in the current dBase, 
data in later versions will be compressed 
to conserve disk space. 

Other problems centered around the 
means of delimiting data. Each field is 
surrounded by single quotes (’), which is 
ideal for dBase’s purposes, but not for 
programs such as MicroPro’s WordStar. 
All is not lost, however. You can either 
change the single quote to a double 
quote via a simple macrocall, or delete 
it. While either is acceptable to Word¬ 
Star if all fields are used, you must use 
double quotes if some fields are empty. 

Although we didn’t perform any of 
our evaluations on the Apple II, we did 
download a small database from the 
Heath system just to see if everything 
worked the same. No problems were 
encountered. We found that, although 
we could define the screen on the Apple 
to work correctly with 40 characters, it 
was a bit tedious. With an 80-column 
card installed, dBase worked with no 
problems at all. 

After using dBase II for about three 
months, we give it a high rating and rec¬ 
ommend it to anyone using a CP/M- 
based system who needs high-level data 
manipulation. —Carl Warren 
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Complete Satellite Receiver 
System brings you movies, 
concerts, sports events.* 

The Heathkit Earth Station includes a 
heavy-duty, 3-meter antenna, an inte¬ 
grated low-noise amplifier/down- 
converter, and a receiver with electroni¬ 
cally-synthesized tuning for stable, 
drift-free reception. 24 channels let you 
receive just about everything the sat¬ 
ellites have to offer. Special Earth 
Foundation Kit anchors your antenna 
firmly to withstand winds of up to 
100 mph. And it's all yours at a very 
affordable price. 

Complete computer system 
in one compact unit. 

The Heathkit All-In-One Computer takes 
the guesswork out of selecting a bal¬ 
anced computer system. It includes 
built-in floppy disk drive, smart video 
terminal, heavy-duty keyboard, 12-key 
numeric pad, two Z80 CPU's, and 48K 
RAM-all in one compact unit. Save 
30% over comparable assembled units. 
Heath makes it easy to build with 
detailed, step-by-step assembly 
manuals that anyone can follow. 

A complete line of software for home, 
work and play is also available. 


The first fully programmable 
keyer stores commands as well 
as text. 

You HAM's will love the Heathkit /xMatic 
Memory Keyer with custom microproc¬ 
essor to store up to 240 characters of 
text or commands. Variable-length 
buffers eliminate wasted memory space. 
Command strings take several text buf¬ 
fers and string them together in any 
sequence for most efficient use of mem¬ 
ory. Command strings can also select 
speed, weight, spacing and auto-repeat 
count. Integral capacitive touch paddles 
unplug and store in their own compart¬ 
ment. Put the fun back in CW. 

Solar Water Heater saves you 
up to 80 % on hot water costs. 

As fuel costs rise, the Heathkit 
Solar Water Heater keeps- 
L. 1 paying you back. Because 
you build it yourself, you 
build it better, for less. And with 
Federal and State tax credits, solar pays 
for itself in no time. Based on computer¬ 
ized data, we help you select the cor¬ 
rect system size to produce 50 to 80 per¬ 
cent of the annual BTU requirement for 
water heating, based on available sun¬ 
light in your area. So you know it's 
practical before you buy. The system 
includes solar panels, pumps, heat 
exchanger, storage tank, and a 


Free Catalog 


Heathkit 
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$70 DECODER FOR 

NEW CX RECORDS 


Provides 20 dB noise reduction when used 
with CX-encoded records 


BY. JOHN ROBERTS 


H AVE you been wondering about 
the CX® symbol that’s been pop¬ 
ping up on record album covers lately? 
It stands for “compatible expansion,” 
which is a new noise-reduction tech¬ 
nique developed by CBS. According to 
CBS, the CX in-the-groove system in¬ 
creases the dynamic range of records to 
approximately 80 dB, which is about 20 
dB greater than the dynamic range of 
today’s conventional records. But the 
only way you can enjoy the advantages 
of this new system is by adding a CX 
decoder to your stereo system. 

The CX-encoded discs are fully com¬ 
patible with existing stereo equipment. 
That is, a CX disc sounds the same as a 
standard LP when played on a system 
without a decoder. Furthermore, CX 
discs are priced the same as others. 


CX has gained the support of compa¬ 
nies like RCA and the Warner/Electra/ 
Asylum group, among others, so it ap¬ 
pears to have a bright future. Moreover, 
RCA recently announced plans to use it 
for the audio on its new videodiscs. 

CX is basically a companding (com¬ 
pression-expansion) noise-reduction sys¬ 
tem. The dynamic range of the master is 
compressed to fit the record’s limited 
dynamic range. Upon playback, a com¬ 
plementary expansion restores the origi¬ 
nal dynamic range, with the added ben¬ 
efit of reducing record-surface noise 20 
dB (Fig. 1). 

The CX decoder described in this arti¬ 
cle will expand the compressed audio 
from a CX-encoded disc. It is a low-cost 
addition to your stereo system that will 
enhance your listening pleasure. 


How CX Works. A compressor or | 
expander is simply an automatic vari¬ 
able gain device. Compared to age (au¬ 
tomatic gain control), which tries to 
make all inputs come out at the same 
level, compressors or expanders vary the 
gain so that the ratio of the input and 
output signals remains constant. The 
most popular ratio for noise-reduction 
systems is 2:1 .for compression and 1:2 
for expansion. (See “Build an Audio 
Compander,” PE Nov. 1977.) 

With a 2:1 compression ratio, each 
time the input signal increases or de¬ 
creases 2 dB, the output signal increases 
or decreases 1 dB. The CX system 
encoder is a 2:1 compressor down to a 
threshold of —40 dBV (reference 3.54 
cm/s at 1 kHz), reverting to 1:1 below 
that. When the rfiaster record is made. 








everything below —40 dBV is boosted 
20 dB. As the signal increases from —40 
dBV to 0 dBV, the gain reduces so that 
by 0 dBV there is 0 dB or unity gain. 

Above 0 dBV, the gain continues to fall 
so that a + 12-dBV input is reduced by a 
— 6-dB gain for a + 6-dBV output. 

One of the design goals of the CX sys¬ 
tem is to produce good sound quality 
even when a decoder is not being used 
(however, with no noise reduction). Be¬ 
cause of this, compression is limited 
below —40 dBV. If it weren’t, tape hiss 
boosted by more than +20 dB could 
become audible above the record-sur¬ 
face noise. Likewise, the circuits that 
control gain changes must be carefully 
designed to minimize the perception of 
those changes. Since both the left and 
right channels are varied by the same 
control voltage, the stereo image does 
not wander about as it would if both 

Fig. 1. Waveforms showing 

the dynamic range of the 



were compressed independently. 

The CX decoder is a 1:2 expander re¬ 
verting to 1:1 below —20 dBV. Every¬ 
thing below —20 dBV is reduced 20 dB. 
As the signal increases to 0 dBV, the 
gain increases to zero dB until once 
again a 0-dBV input gives a 0-dBV out¬ 
put. Above 0 dBV the gain continues to 
increase, restoring the +6 dBV to +12 
dBV for an accurate replica of the mas¬ 
ter recording’s dynamic range. In the 
process of restoring dynamic range, the 
background “surface” noise of the disc 
is reduced 20 dB (10 times lower). 

Circuit Operation. Since both chan¬ 
nels operate the same way, only the left 
channel is shown in the schematic in 
Fig. 2. Part numbers for the right chan¬ 
nel are the same but in the 200 series— 
that is, R1 in the left channel becomes 
R201 in the right channel. If no 200- 
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C100.C101 —1000-mF, 35-V electrolytic 
C102.C104—0.1 -pF, ceramic disc 
D1 ,D2,D202,D3.D203,D4,D5,D6,D7— 
1N914 signal diode 

D100.D101.D102.D103— 1N4002 rectifier 
FI — i'4-A fuse 

IC1.IC5—TL072 dual BiFET op amp 
IC2.IC3—TL074 quad BiFET op amp 
IC4—CA3280 dual operational transcon¬ 
ductance amplifier 

IC100—/IA78L15AWC +15-V regulator 
IC101— LM320LZ-15 -15-V regulator 
J1.J201.J2.J202.J203.J4.J204—V' RCA 
jacks 

LED 1—Two-color LED (3 lead) 

Q1.Q3—2N3904 npn transistor 
Q2.Q4.Q5.Q6—2N3906 pnp transistor 
R1.R201.R2.R202.R3.R203— 50-kQ trim- 
pot 

The following are ''4-W, 5% carbon film 
resistors: 


R4.R204.R 15.R37.R237— 10-k$i resistor 
R12.R13—33-kS) resistor 
R6.R206.R8.R208.R9.R209— 160-kfl re- 

R7.R207—9.1-kfl resistor 
R10.R22 — 15-kfl resistor 
R11.R23— 1.1 -kSi resistor 
R14.R31.R231—91-kll resistor 
R16.R17—150-kS) resistor 
R18—30-kfl resistor 
R19—2-MJ! resistor 
R20—20O-kfl resistor 
R21 .R32.R232.R36.R236—5.1 -k SI resistor 
R24.R30.R230.R38.R39.R239—300 U re¬ 
sistor 

R25.R27—1.6-kfi resistor 
R26—3.3-kfl resistor 
R5.R205.R28.R29—47-kfi resistor 
R33.R233—68-kfl resistor 
R34.R234—2-kfi resistor 
R35.R235—36-kfl resistor 


S1.S2—2pdt push-push switch 

TR1—28-V, CT transformer (SIG 241-3- 
28) 

Misc.—wire, pc board, chassis. 

Note: The following is available from 
Phoenix Systems, 91 Elm Street, Man¬ 
chester, CT 06040 (Tel: 203-643- 
4484): complete kit of parts, P-82-CX 
at $69.00. Also available separately: 
28-V CT transformer, P-518-T, $6.00; 
etched and drilled pc board, P-82-B, 
$9.00; RCA CA3280 dual OTA, P-CA 
3280, $4.00; 2pdt p-p switch, P-2PDT, 
$1.00; and test record, P-82-TR, 
$ 1 . 00 . 

Orders less than $10 add $1.00 han¬ 
dling. Connecticut residents please 
add 71/2% sales tax. Foreign resi¬ 
dents please add 10% for shipping. 
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CX decoder 


series number is listed for a component, 
then that component is common to both 
channels. For op amps, right-channel 
pin connections are in parentheses. 


Tape monitor switch SI selects either 
the source or tape output to feed IC1, 
which forms an input buffer, with trim¬ 
mer RI used to set input levels. Capaci¬ 


tor C2 and resistor R6 high-pass the sig¬ 
nal (—3 dB at 100 Hz) before it is rec¬ 
tified. Op amp IC2, with diodes D2 and 
D3, boosts the signal by a factor of 
about 20 and then full-wave rectifies it. 
Transistor Ql and diode D1 set the 


HIRSCH-HOUCK TESTS THE PE CX DECODER 


THE CX decoder was adjusted for oper¬ 
ation in a system using an ADC Astrion 
cartridge, a Carver C-4000 preamplifier. 
Phase Linear 400 power amplifier, and 
several speakers that included a KEF 
105.2 and Polk 12A. 

None of the signal-processing circuits 
of the preamplifier were used during our 
listening tests with the decoder. The 
source material included about a dozen 
records (including both classical and 
popular music, instrumental and vocal) 
prepared by CBS to demonstrate the 
system. Several had the same programs 
on both sides, with one side unpro¬ 
cessed and the other with CX encoding, 
simplifying the evaluation of the sys¬ 
tem's performance. Portions of all en¬ 
coded records were played without de¬ 
coding to check their compatibility. 

The bench measurements made on the 
CX decoder consisted of its frequency 
response at several signal levels, har¬ 
monic distortion as a function of output 
level (with the CX function operative and 
bypassed), and the input/output transfer 
characteristic at several frequencies 
(100, 1,000, and 10,000 Hz). The noise 
reduction of the circuit was measured by 
driving it with the output of an RIAA- 
equalized preamplifier whose input was 
terminated by a 1,000-ohm resistor. Out¬ 
put of the decoder was displayed on our 
H-P 3580A spectrum analyzer (log 
sweep mode). The analyzer output was 
plotted on an H-P X-Y recorder, with the 
CX decoder both active and bypassed. 

Test Results. The “0 dB" reference lev¬ 
el for our transfer characteristic mea¬ 
surements was the point at which the 
LED on the panel changed from green to 
red. As the input signal was decreased, 
output fell at a doubled rate (20 dB of 
output change for each 10 dB input 
change) in the first 20 to 30 dB of signal 
reduction. Below that, there was a tran¬ 
sition to a linear slope that continued 
down to our lower measurement limit of 

— 50 dB (input) which corresponded to a 

— 70-dB output level. The expansion 
mode continued above 0 dB. at a slightly 
reduced slope, so that a + 10-dB input 
produced an output of +15 to +18 dB, 
depending on the frequency. 

Frequency response of the decoder 
system rolled off at low frequencies to 
-3 dB at 110 Hz and -15 dB at 20 Hz. 
This effect could be seen in the action of 
the LED indicator, which required about 
3 dB more input at 100 Hz than at the two 
higher frequencies for its color transi¬ 
tion. The decoder response is built in to 
complement a boost in the encoding pro¬ 
cess used on the record. 

In the CX mode, the distortion rose 
smoothly from 0.03% at 0.1 volt output to 
about 0.5% at the clipping point of 9 
42 




Noise reduction using a Hewlett-Packard 3S80A spectrum analyzer. 
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CompuServe: Update 1982 
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The CompuServe Information Service is the largest and 
fastest growing videotex system in North America. Our 
customer base increased a dramatic 300% in 1981. And 
there’s a reason: 

■ our broad base means more communications between 
users ■ a wide variety of high-value data bases ■ games 
to excite any aficionado ■ up-to-date financial 
information to give you a competitive edge on the market 

■ new services like electronic shopping ■ free 
subscription to our informative TODAY magazine ■ 
easy-to-follow instructions for the novice and powerful 
services for the experienced user ■ 

Ask for a demonstration at a Radio Shack® Computer 
Center. Videotex software is available for various brands 
of personal computers. CompuServe Information Service, 
5000 Arlington Centre Blvd., Columbus, Ohio 43220. 
(614) 457-8600. 


CompuServe 


CX decoder - 

transient response with a 1-ms large-sig¬ 
nal attack time and low distortion due to 
a two-second small-signal release time. 
Op amp IC3C buffers the output of this 
network. Op amp IC3D and transistor 
Q4 convert the control voltage into a 
current suitable for varying the gain of 
IC4. 1C4 (RCA CA3280) is an opera¬ 
tional transconductance amplifier 
(OTA). The output current of an OTA 
is the product of the differential input 
voltage and the control current, for lin¬ 
ear gain control over a wide range. Op 
amp ICS converts the current output of 
the OTA back into a voltage for inter¬ 
facing with the final output. Transistors 
QS and Q6 form a differential pair and 
sense the control voltage. Signal levels 
below 0 dBV will light the two-color 
LED green; above 0 dBV the LED will 
flash red. Switch S2 can be used to 
bypass the decoder circuitry if desired. 

Construction. While pc construction 
is recommended, satisfactory results can 
be obtained from other methods, as long 
as you follow the original layout closely. 
The finished assembly should be 
mounted inside a shielded box. A full- 
size etching and drilling guide is pro¬ 
vided in Fig. 3. Its components place¬ 
ment guide appears in Fig. 4. 

When mounting the components on 
the printed circuit board, take note of 
device orientation. The cathodes of all 
diodes will be marked by a band, while 
pin 1 of the ICs will be indicated by a 
dot. Observe polarity markings on the 
electrolytic capacitors. 

Performance may be degraded if 
wider tolerance components are substi¬ 
tuted; likewise, high-leakage capacitors 
can alter time constants. 

Calibration and Uso. For best results, 
the CX decoder should be calibrated to 
your cartridge/preamp combination. 
Center all trimpots and patch the decod¬ 
er into your tape monitor loop. Plug the 
power cord into a switched outlet. With 
a suitable test record, adjust trimmer 
RI so the level LED just turns red for a 
3.54-cm/s at 1 kHz test tone. With an 
ac voltmeter connected to the left out¬ 
put, adjust the output level trimmer, R2, 
so that the signal with CX switched in is 
3 dB louder than with CX switched out. 
Repeat adjustments for the right chan¬ 
nel. Connect either a tone-burst genera¬ 
tor or a record with high transient infor¬ 
mation to the right input only. With a 
sensitive voltmeter connected to the left 
output, adjust R3 for minimum feed¬ 
through. Connect the signal source to 
the left input and adjust R203. The 
input level will only have to be re-cali¬ 
brated if you change cartridge or 
preamp. 

Cue up a CX record and enjoy. 0 
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D ERATING electronic compo¬ 

nents, that is, operating them un¬ 
der electrical and thermal stresses some¬ 
what below maximum ratings, is a good 
way to promote circuit longevity. The 
problem is to find a derating factor that 
gives an acceptable balance between en¬ 
hanced reliability and escalating cost. 
Recommendations and procedures 
based in part on reliability factors and 
failure rates have been compiled for mil¬ 
itary applications. Since, however, ex¬ 
perimenter applications are not as se¬ 
vere, a more relaxed set of derating pro¬ 
cedures is in order. 

To derate a component, multiply its 
maximum rating by the recommended 
or selected derating factor, which will be 
a number less than 1. Where a compo¬ 
nent has multiple ratings (a transistor, 
say, has voltage, current, and power-dis¬ 
sipation ratings), all derating factors 
should be applied concurrently. When 
the various derating factors are applied 
and the results compared to the parame¬ 
ters of the circuit in which the compo¬ 
nent is intended to be used, it is easy to 
tell whether or not the component is 
suitable for the application. 

Figure 1 shows the effects of tempera¬ 
ture and voltage on the failure rate of a 
typical ceramic capacitor. As the oper¬ 
ating temperature and the electrical 
stress (the ratio of the applied voltage to 
the rated voltage) increase, the failure 
rate increases exponentially. Thus, 
above the “knee” of this curve, a small 
reduction in temperature or electrical 
stress yields a large increase in device 
reliability. 

For example, applying a derating fac¬ 
tor of 0.8 to a capacitor rated to with- 
ns that it should 
than 80 volts dc. 
pacitor’s life ex- 
ing temperature 
by 20 *C (36 *F), the 
expected lifetime doubles again. 

Component and circuit reliability can 
dramatically enhanced by observa- 
design and construction 
addition to derating. No 


FOR PROJECTS 
THATLAST- 
DER ATE V3UR 
COMPONENTS 


Running electronic parts at maximum 
ratings condemns them to short, 
unhappy lives. Here are recommendations 
that promote reliability 















derate components. 


maximum rating of any component 
should ever be exceeded, even under 
worst-case operating conditions. Com¬ 
ponents that radiate heat should be kept 
away from other components, especially 
those that are heat-sensitive. Integrated 
circuits should be kept at least 20 * C 
(36* F) below their maximum rated 
temperatures. 

Derating factors for common elec¬ 
tronic components are given below. 
More conservative derating factors can 
be used, but the ones given are effective 
and economical. 

Rasittors. Metal-film (1% tolerance) 
and metal-oxide insulated film (2% tol¬ 
erance) resistors are used where circuit 
noise must be kept to a minimum or 
where tolerances must be kept tight. For 
such resistors, maximum power dissipa¬ 
tion should be no more than 80% of the 
rated average. The maximum voltage 
drop across such a resistor should not 
exceed 250 volts peak for a 'A-watt rat¬ 
ing or 350 volts peak for a 'A- or '/ 2 -watt 
rating. 

Carbon-film and carbon-composition 
resistors should have maximum power 
ratings derated by a factor of at least 


0.8. The maximum voltage drop across a 
carbon resistor should not exceed 250 
volts peak for a 'A-watt rating, 350 volts 
peak for a '/ 2 -watt rating, and 500 volts 
peak for a 1- or 2-watt capability. 

Power-dissipation ratings of wire- 
wound resistors are specified for an am¬ 
bient operating temperature of 25* C 
(70 *F) and decreases 0.4 percent for 
each 1*C (1.8‘F) increase in tempera¬ 
ture. The maximum average power dis¬ 
sipation for a wirewound resistor to dis¬ 
sipate should not exceed 75 percent of 
rated maximum at the operating tem¬ 
perature. Maximum peak (instanta¬ 
neous) power should not exceed four 
times the maximum average power. The 
maximum permissible short-time over¬ 
load is five times the maximum average 
power for five seconds. Rheostats and 
potentiometers should not be called 
upon to dissipate more than 70 percent 
of their average rated power. 

Capacitors should be derated for am¬ 
bient temperature and working voltage. 
Ceramic and mica capacitors should be 
exposed to no more than 80 percent of 
their rated working voltage—which is 
usually specified in dc volts, not ac volts. 


If the capacitor is to be exposed to ac, 
keep in mind that ac volts are often 
expressed in terms of rms, not peak volt¬ 
age. Plastic-film and paper capacitors 
should be exposed to no more than 70 
percent of their rated dc or ac voltages. 

Polarized aluminum electrolytic and 
tantalum capacitors should not be ex¬ 
posed to appreciable reverse voltages. 
(Polarities of such capacitors are clearly 
denoted on their cases by means of sym¬ 
bols or color coding.) A solid tantalum 
capacitor should be derated to 78 per¬ 
cent of its rated working dc voltage, and 
should not be subjected to reverse-polar¬ 
ity voltages greater than 10 percent of 
the rated working dc voltage. The loop 
of the circuit in which a solid tantalum 
capacitor is found should contain a min¬ 
imum series resistance of three ohms per 
working dc volt to prevent failures in¬ 
duced by excessive surge currents. Alu¬ 
minum electrolytic capacitors should be 
derated to 85 percent of their rated 
working dc voltages and should be ex¬ 
posed to reverse-polarity voltages no 
greater than 10 percent of their rated 
working dc voltages. It is preferable not 
to expose aluminum electrolytics to any 
reverse voltages at all. Maximum ripple 
current should be limited to 80 percent 
of rated current. 

Discrete Semiconductors are very 
unforgiving of electrical and thermal 
overloads. Many will be quickly de¬ 
stroyed by reverse-polarity voltages. 

Forward currents through a diode 
should be limited to 87 percent of the 
rated average and surge currents. Peak 
inverse voltage should not exceed 80 
percent of rating. Current through a 
zener diode should be limited to 90% of 
rated value. The power a zener diode is 
called upon to dissipate should be de¬ 
rated by a factor of 0.7. 

Thyristors, including silicon con¬ 
trolled rectifiers and triacs, should han¬ 
dle forward currents no greater than 80 
percent of their I F ratings. They should 
not be required to handle more than 80 
percent of their rated peak blocking 
voltages. 

Small-signal transistors, including 
BJTs, FETs, and UJTs, should see volt¬ 
ages no higher than 80 percent of their 
ratings (V CE , V BE , etc.). Similarly, they 
should handle currents no greater than 
80 percent of their ratings (I B , I c , etc.). 
Small-signal transistors should dissipate 
no more than 50 percent of their rated 
power dissipations. 

Bipolar power transistors should not 
see more than 90 percent of their V CE 
ratings nor have to conduct more than 
80 percent of their rated collector cur¬ 
rents. The maximum power they are 
called upon to dissipate should not ex¬ 
ceed 50 percent of their rated values. 
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Fig. 1. A typical chart of the effects of temperature on 

failure rates for general-purpose ceramic capacitors. (MIL-C-11015). 
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Sufficient heat sinking should be pro¬ 
vided to limit junction temperature to 80 
percent of the rated maximum Tj or less. 
When power transistors are employed in 
switching modes, strict adherence to the 
manufacturer’s safe-operating-area rec¬ 
ommendations, forward and reverse sec¬ 
ondary breakdown, and thermal-cycling 
ratings is necessary if the user expects to 
prevent premature failures. 

Digital ICs. The maximum power- 
supply voltage that should be used with 
TTL devices is +5.25 volts. A TTL out¬ 
put stage’s fanout should be limited to 
90 percent of its rating. Each TTL pack¬ 
age should be decoupled by a 0.01-to- 
0.1 -/iF disc ceramic capacitor connected 
between + V cc and ground. This capac¬ 
itor also should be physically near to the 
IC. If there are unused inputs, follow the 
manufacturer’s recommendations with 
respect to connecting them to +V CC . A 
1-kilohm pull-up resistor will be needed 
in certain cases. 

CMOS logic ICs can be used over a 
wider range of supply voltages than 
TTL. Supply voltage should be at least 
1.5 volts dc greater than the rated mini¬ 
mum and at least 2.5 volts less than the 
rated maximum. There is no need to 
derate fanout—the full number of gates 
that the manufacturer states can be 
driven is acceptable. For circuit decou¬ 
pling, at least one 0.1 -pF disc ceramic 
capacitor should be installed across the 
power-supply bus on each circuit board. 
All unused CMOS logic inputs should 
be connected to +V DD or — V^, as ap¬ 
propriate. Be sure to observe manufac¬ 
turers’ recommendations in handling 
CMOS packages to prevent static-dis¬ 
charge damage. 

Linear ICs include operational ampli¬ 
fiers, comparators, voltage regulators, 
etc. The maximum differential supply 
voltage that should be applied to an op 
amp or a comparator is 80 percent of the 
rated value. Differential input voltage 
should be limited to no more than 60 
percent of rated value, and output cur¬ 
rent to 80 percent of the applicable rat¬ 
ing. Specified limits on slew rates and 
input- and output-voltage swings should 
be observed, and the circuit layout 
should be planned to keep inputs and 
outputs isolated. 

A voltage regulator IC should not see 
input voltages greater than 80 percent of 
rated value. Differential input-to-output 
voltage should be between 1.5 times the 
minimum value recommended and the 
rated maximum. A regulator should not 
be called upon to dissipate more than 50 
percent of its rated power. 

Relays and Switehas. The voltage 
that is applied to energize a relay coil 
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should be within ±10 percent of the rat¬ 
ing. (If a transistor is used to switch cur¬ 
rent through the coil, a reverse-biased 
diode should be connected across the 
coil to suppress inductive spikes.) The 
current that is to be gated by relay or 
switch contacts should be derated with 
respect to their current-handling capac¬ 
ity and according to the type of load 
involved. For a resistive or a capacitive 
load, relay or switch contacts should 
have to handle no more than 75 percent 
of their rated current capacity; for a reg¬ 


ular inductive load, no more than 40 
percent; for a motor, no more than 20 
percent; and for an incandescent lamp, 
no more than 10 percent. 

Following these guidelines will en¬ 
hance circuit reliability and component 
lifetimes without unduly increasing the 
costs of your projects. In addition, when 
a component in a commercial product is 
found to have failed, replacing it accord¬ 
ing to these principles may well avoid 
the need for future replacements of the 
same part. 0 


Just in case. 

In case you have a short production run. In case 
you need good-looking prototypes. In case you need more 
flexibility or instant availability. 

A more realistic price. Or all the above. 

Because you never know when you’ll need the right case at the 
right price, right away, keep us in mind. Or better yet, 
send for our catalog ...just in case 



DMC Case, 6.75 x 7.5 x 3.25" or 
5.5 x 6 x 3"; each includes hardware 
and aluminum baseplate 


* 


Benchtopper Case, 3x10x7" or 4x10x 


7”; each includes hardware and metal 
front and rear panels 



Portable Case, 1.75 x 5.63 x 7.75"; 
includes hardware, rubber feet, red 
trans parent front panel 


Handheld Case, 3x6x1.5"; 
includes hardware and 
red transparent front panel 


Smarter tools for testing and design. 

GLOBAL SP€CIALTI€S 

CORPORATION 

or*, mas- s. sJSSftia .1 

Call toll-free for detaiis l -IoO- 243-6077 


en 0799-21682, TLX 817477 
























ANALOG-DIGITAL 

CONVERTER 

FOR TR5-80 INTERFACING 

An 8-bit , 8-channel digital circuit that allows you 
to connect analog voltages to your TRS-80 microcomputer 



BY ADOLPH MANGIERI 


D IGITAL computers “speak and 
understand” only the binary lan¬ 
guage of electrical ones and zeros. Un¬ 
fortunately, the binary language is not 
suitable for direct measuring of physical 
quantities such as voltage, pressure, 
temperature, light, or other continuous¬ 
ly varying (analog) parameters. To uti¬ 
lize the digital computer in measure¬ 
ment and control systems, an analog-to- 
digital interface is required. Fortunate¬ 
ly, such analog-to-digital converters 
(ADC) are now available at low cost. 

Interfacing with the TRS-80 Model I 
microcomputer, the 8-bit, 8-channel 
ADC covered in this article includes a 
four-bit output port for controlling 
lamps, relays, and other devices. The 
output port is readily expandable to 
eight channels, thus providing 32 chan¬ 
nels of control. Running in the TRS-80 
TBUG monitor, the accompanying ma¬ 


chine language program ANADIG 
shows how to structure a multichannel 
data-acquisition system. Several input 
and output circuits are detailed, includ¬ 
ing means to quantize the range of an 
input channel to output multiple deci¬ 
sions controlling a number of output cir¬ 
cuit branches. The ADC accepts an 
input voltage and converts it to binary 
form for display or further processing by 
a computer. Common converter types 
include the costly high-speed ‘flash’ con¬ 
verter, the inexpensive but slow ramp 
converter, and the successive-approxi¬ 
mation converter that provides excellent 
speed at relatively low cost. In all cases, 
the ADC seeks to match the level of an 
analog input signal with stepped and 
weighted reference voltages and gener¬ 
ate a binary value when the match is 
found. 

Considering first the successive ap¬ 


proximation converter. Table I shows 
conversion of input signal of weight 67 
in eight approximations taken in se¬ 
quence. On the first comparison (bit 
D7), weight 128 is greater than 67 thus 
it is discarded by setting output bit D7 
to zero. On trial two, weight 64 is less 
than 67 and is retained as a partial sum 
by setting bit D6 to one. The following 
comparisons through bit D2 are dis¬ 
carded because the partial sum would 
exceed 67. The remaining two trials 
bring the sum to exactly 67 and the cor¬ 
responding data bits are set to one caus¬ 
ing 67 to be converted to 01000011 or 43 
hex. For an input signal of weight 255, 
the data bits are set to 11111111 yield¬ 
ing FF hex or full-scale. The converter 
resolves full-scale input of one part in 
256. 

The block diagram of Fig. 1 shows the 
internal circuit blocks of the eight-chan- 
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ADC for TRS-80 



Fig. 1. Block diagram of the circuits contained in 
the AD0809 analog-to-digital converter used in the project. 


nel converter used in this project. One of 
eignt input signals is applied to one 
input of the comparator through a mux 
(multiplex) analog switch. The particu¬ 
lar channel selected depends on the 
address bits applied to the address data 
latch decoder. Bit 000 selects input 
channel 0, bit 001 selects channel 1, and 
so forth up to channel 7 by bit 111. 

A stable 5-volt reference is applied to 
a 256R resistor ladder network that sup¬ 
plies weighted reference voltages for 
comparisons. With the input signal pres¬ 
ent at one input of the comparator, a 
switch tree sequentially selects and ap¬ 
plies weighted reference voltages to the 
other comparator input. The compara¬ 
tor output feeds into the successive 
approximation register (SAR) which 
performs logical decisions and assem¬ 
bles the binary output data in the Tri- 
State data-out latch and buffer. The 
ADC clock and timing and control cir¬ 
cuits determine the sequence of events. 
Using this arrangement, at a clock fre¬ 
quency of 640 kHz, conversion takes 
place in 116 microseconds. 

Figure 2 shows the ADC timing. With 
address bits and input signal present, 
address latch enable pulse (ALE) 
strobes the address bits into the address 
latch decode circuit. Pulse start ini¬ 
tiates conversion and end-of-conversion 
pulse (eoc) goes low during conversion. 
50 


Following conversion, pulse eoc goes 
high and pulse output enable (oe) is 
applied to enable the data onto the bus 
for acceptance by the computer. 

For comparison, a six-bit parallel 
flash converter includes a resistor ladder 
supplying 63 reference voltages each 
connected to one input of 63 compara¬ 
tors. The input signal connects to the 


EXAMPLE OF SUCCESSIVE 
APPROXIMATION 

Bit Weight Comparison Bit Sum 

D7 128 128>67 0 0 

D6 64 64<67 1 64 

D5 32 32 + 64>67 0 64 

D4 16 16 + 64>67 0 64 

D3 8 8 + 64>67 0 64 

D2 4 4 + 64>67 0 64 

D1 2 2 + 64<87 1 66 

DO 1 1+66 = 67 1 67 


other input of all comparators. Compar¬ 
isons take place all at once thus the 
name “flash” converter. The 63 outputs 
of the comparator string are then de¬ 
coded by extensive and complex logic to 
form the equivalent binary output. 
However, an eight-bit flash converter 
requires 255 comparators! Costly to 
manufacture, the flash converter is 
usually limited to six bits or less. 

The ramp ADC technique uses a digi- 
tal-to-analog converter (DAC) and a 
computer program to generate a stair¬ 
case voltage ramp of 256 steps for use by 
the eight-bit converter. The stepped out¬ 
put of the DAC and the input signal 
connect to comparator inputs, and on 
each successive voltage step, the com¬ 
puter program checks comparator out¬ 
put and advances to the next step if the 
match is not found. Two hundred and 
fifty-five comparisons are required to 
reach full-scale for eight-bit conver¬ 
sions. Though relatively slow, ramp-con- 
version techniques offer advantages 
through software control. 

Circuit Operation. As shown in the 
schematic of Fig. 3, clock generator IC8 
is a 555 timer operating at approxi¬ 
mately 100 kHz. Input channels 0 and 1 
are the only ones used at this time, with 
the remaining 6 input channels 
grounded. A zener diode (D2. D3) and a 
capacitor (C5, C6) protect the active 
CMOS input channels. 

When the program ANADIG issues 
an out instruction to port address fd 
(decoded by IC5), the instruction trans¬ 
mits channel address bits on data lines 
DO, Dl, and D2. Thus7C5 in conjunc¬ 
tion with the out signal activates IC6A 
pulsing ale and start inputs with the 
address latched into the ADC. A time 
delay in the program allows time for 
completion of the conversion. The pro¬ 
gram then issues an In instruction to 
port address fd causing IC6B to activate 
oe (output enable) and placing the con¬ 
verted data on the data bus as input to 
the computer. 

A program task subroutine then pro¬ 
cesses the data and makes a decision for 
use by output port, IC7. The task deci¬ 
sion is output to port address fb decoded 
by gate IC4 and enabling IC7. Data bits 
DO through D3 are transmitted to IC7 
and determine the output of four data 
latches used to control external indica¬ 
tor lamps or relays. 

In the case of an external transistor 
driver (Q1 ), zener diode D4 protects the 
circuit in the event of failure of the tran¬ 
sistor. Voltage regulator IC11 supplies 
five volts to the circuit. 

Additional input channels may be 
connected to IC9 as required. Addition¬ 
al output channels are created by adding 
another 74LS75 (7C7) and connecting 
POPULAR ELECTRONICS 
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Fig. 2. Timing diagram of the analOg-to-digital converter 1C. 


device pins 4 and 13 to pin 10 of IC6C. 
Data lines D4 through D7 are passed 
through the spare buffers of IC3 to the 
inputs of the second data latch. 

Construction. The circuit was assem¬ 
bled on a Vector 4494 ANY-DIP plug 
card and wire wrapped. Install IC1, IC2, 
IC3, and IC10 in the socket row near the 
card fingers. Install IC4, IC5, and IC6 
in the second socket row and place IC7, 
IC8, and IC9 in the third row. Experi¬ 
mentation with assorted input and out¬ 
put circuits can be facilitated by install¬ 
ing pairs of Vector T66-96 and T66-32 
Klip Bloks and two T45-24 Klip Buses 
on the upper portion of the card as 
shown. The plug-board system shown 
consists of three Vector R644-3 44-con¬ 
tact card receptacles and three pairs of 
BR27D card guides installed on the 51X 
aluminum frame. Install two rows of 
T46-5‘-9 board pins with pin faces 
aligned on perfboard at one end forming 
a male IDC connector. Use a 40-line 
IDC cable disconnect at the plug board 
system. A Jameco No. JE210 5-to-15- 
volt adjustable regulated power supply 
set for 12-volts powers the circuit. Do 
not run the TRS-80 5-volt supply to the 
plug board system. As an alternative to 
the plug board system, assemble the cir¬ 
cuit on Vector 8002 or 8004 Circbords 
for wire wrapping and install the card in 
the 5IX aluminum frame. 

Checkout. With integrated circuits re¬ 
moved and ribbon cable disconnected 
from the computer, power the voltage 
regulator and check voltage distribution 
at the pertinent socket pins. Check volt¬ 
ages at the far end of the cable and be 
certain that supply voltages do not feed 
back to the computer. Install the inte¬ 
grated circuits taking usual precautions 
when handling the CMOS converter 
chip. Energize the circuit and verify 
presence of clock pulses at pin 3 of IC8 
using either a counter or oscilloscope. 
With power off, make connections to the 
computer and verify proper operation of 
the computer. Look for shorted bus lines 
if the computer fails to function. 

Connect the input test circuit shown 
on the schematic diagram to the input of 
channel zero. Jumper channel-one input 
to channel-zero input. Enter and load 
program ANADIG into memory using 
the TRS-80 T-BUG monitor and break 
the looping program by inserting stop 
code CD 91 40 at address 4A27H. Set 
test potentiometer R6 to its ground end, 
and run the program. Both LED1 and 
LED2 should turn off. Verify that data 
input buffer memory location 4A00H 
and 4A01H hold data 00 and that out- 
port buffer 4A08H holds 00. Set the test 
potentiometer to five volts and observe 
that both LEDs glow. Verify that chan- 
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Now NRI takes you inside 
the new TRS-80 Model III 
microcomputer totrainyou 
at home as the new breed 
of computer specialist! 


NRI teams up with Radio Shack advanced 
technology to teach you how to use, program, and 
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It’s no longer enough to be just a 
programmer or a technician. With mi¬ 
crocomputers moving into the fabric of 
our lives (over 250,000 of the TRS-80™ 
alone have been sold), interdisciplinary 
skills are demanded. And NRI can pre¬ 
pare you with the first course of its kind, 
covering the complete world of the 
microcomputer. 

Learn At Home in 
Your Spare Time 
With NRI training, the program¬ 
mer gains practical knowledge of hard¬ 
ware, enabling him to design simpler, 
more effective programs. And, with ad¬ 
vanced programming skills, the tech¬ 
nician can test and debug systems 
quickly and easily. 

Only NRI gives you both kinds 
of training with the convenience of 
home study. No classroom pressures, 
no night school, no gasoline wasted. 

You learn at your convenience, at your 
own pace. Yet you’re always backed 
by the NRI staff and your instructor, 
answering questions, giving you gui¬ 
dance, and available for special help 
if you need it. 

You Explore the New 
TRS-80 Model III 
Inside and Out 

NRI training is hands-on train¬ 
ing, with practical experiments and de¬ 
monstrations as the very foundation of 


your knowledge. You don’t just program 
your computer, you go inside it.. .watch 
how circuits interact.. .interface with 
other systems...gain a real insight into 
its nature. 


Training includes the new TRS-80 
I III microcomputer, 6-function LCD 
Beckman multi meter, and the NRI Discovery Lab 
with hundreds of tests and experiments. 


You also work with a precision 
26-scale, 6-function LCD Beckman mul¬ 
timeter featuring full portability and a 
3!/2 digit display. Using it along with the 
exclusive NRI Discovery Lab and your 
TRS-80, you perform over 60 separate 
experiments in all. You learn how to 
troubleshoot and gain greater under¬ 
standing of the information 
your tests give you. 
Advanced 
Technology 
Microcomputer Is 
Yours to Keep 
As part of your training, 
NRI sends you the new, state- 
of-the-art TRS-80 Model III micro¬ 
computer. This functional unit is 
complete with 65-key keyboard and 12” 
display in one desk-top unit. It features 


high-speed cassette loading, built-in 
interface for parallel printer, and provi¬ 
sions for optional disk drive. Its 4K RAM 
is internally expandable to 16K or 48K 
and its BASIC language is compatible 
with most Model I software. 

Along with your multimeter and 
the NRI Discovery Lab, this latest 
concept in advanced microcomput¬ 
ers is yours to learn with, yours to 
keep and use for your own personal 
programs, business use, and other 
applications. 

Send for Free 
Catalog...No 
Salesman Will Call 
Get all the details on this exciting 
course in NRI’s free, 100-page catalog. It 
shows all equipment, lesson outlines, 
k and facts on other electronics courses 
.such as Complete Communications 
with CB, TV and Audio Servicing, 
Digital Electronics, eleven different 
interest areas in all. 

Send today, no salesman will ever , 
bother you. Keep up with the latest 
technology as you learn on the world’s 
most popular computer. If postcard has 


been used, write to NRI Schools, 3939 
Wisconsin Ave., Washington, D.C. 20016. 

NRI Schools 

McGraw-Hill Continuing 
Education Center 
■'Jm \ ^ 3939 Wisconsin Ave. 

I ■ II 11 Washington, D.C. 20016 

We’ll train you for the good jobs. 



(TRS-80 is a trademark of the Radio Shack division of Tandy Cotp.) 
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Cl — 100-pF ceramic capacitor 
C2—1.0-jiF, 35-V tantalum electrolytic 
C3 through C7—0.I-/1F, 15-V disc capaci¬ 
tor 

D1 — 1N4148 switching diode 
D2,D3,D4—1N752 5.6-V zener diode 
D5—1N4001 rectifier 
1C 1 .IC2.IC3—74LS367 three-state hex 
buffers 

IC4.IC5—74LS30 8-input NAND gate 
IC6.IC10—74LS02 quad 2-input NOR 
gate 


nels zero and one data buffers hold data 
FF or 255 while outport buffer 4A08H 
now holds 03. Vary R6 slowly about the 
trip points. Notice that LED1 flickers 
and relay Kl chatters at the trip point. 
Notice that the turn-on and turn-off 
points of LED2 differ slightly and with 
no flicker. This is the result of dead¬ 
band or hysteresis built into the task 
program of channel one. 
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PARTS LIST 

IC7—74LS75 4-bit data latch 
ICS—555 timer 

IC9—ADC 0809 eight-bit, eight-channel 
ADC (available from Jameco Electronics, 
1355 Shoreway Rd., Belmont. CA 
94002) 

IC11—7805 5-V, 1-A voltage regulator 
Kl —12-V relay 

LED1.LED2—Light-emitting diode (XC- 
526R or equiv.) 

Q1—2N3053, RS-276-2030 npn transistor 
R1 — 15-ktl, V 4-W resistor 


Software. Use program ANADIG 
shown here for initial experiments with 
multichannel data acquisition and pro¬ 
cessing and write your own programs for 
specific applications. The looping main 
program run performs initializations, 
issues channel addresses, and calls sub¬ 
routine START which initiates A/D 
conversions followed by subroutines 
TASKO and TASK1 which control the 


R2—10-kfl, v«-W resistor 
R3.R4.R5—47(M2,* / 4-W resistor 
R6—10-kQ potentiometer 
R7—4.7kC2, 1/ 4-W resistor 
Misc: Vector 4494 plug board; 51X alumi¬ 
num frame; R644-3 44-contact card re¬ 
ceptacles (3); BR27D card guides (6); 
T46-5-9 board pins; perfboard; 28-pin 
DIP socket; 16-pin DIP sockets (4); 14- 
pin DIP sockets (4); T49 Klip-Wrap 
posts; T66-96, T66-32 Klip Bloks (pairs); 
T45-24 Klip Bus (2); ribbon cable and 
connectors; wire; etc. 

relay outport. Memory locations 4A00H 
through 4A07H respectively store input 
data for channels zero through seven. 
Location 4A08H holds the outport byte 
common to all output channels. 

Tracing through a typical program 
run, index register IX is initialized to 
point to the input data buffer. The out¬ 
port byte is arbitrarily cleared to 00. 
Channel zero address 00 is first loaded 
POPULAR ELECTRONICS 













































































ANADIG TEST PROGRAM 

00100 ; FILENAME - AN ADDS 
00110 ;BT ADOLPH A. HANGIERI l*/8l 
00120 jCHAN BUFFER - UAOQH THRU U07H 
00130 jOUTPORT BUFFER - 1»A06H 


1*aoo 0011*0 

0009 00150 

1*A09 DD2100l|A 00160 RUN ID 

i*AOD DD360800 00170 ID 

1*A11 3E00 00180 LOOP1 ID 

UA13 CD7Al*A 00190 CAI 

U16 DD770O 00200 ID 

1*A19 CD9DtkA 00210 CAI 

llAlC 3E01 00220 ID 

1*A1E CD7AU 00230 CAI 

1*A21 DD7701 0021*0 ID 

l*A2l* CDDBU 00250 

1*A27 18E8 - 


CALL 


OOgl 
1*A7A C5 
1*A7B D3FD 
1*A7D 062F 
UA7F 10FE 
2*a8i DBFD 
U 83 Cl 
1*A81» C9 
0018 
1*A9D F5 
UA9E e5 
1U9F D5 
Uaao 2600 
1*AA2 1600 
1*AAi* 2E7C 


00270 

00280 START 
00290 OUT 

00300 LD 

00310 LOOP2 DJNZ 

00320 
00330 
0031*0 
00350 
00360 TASKO PUSH 

00370 PUSH 

00380 


HJSH 


DEFS 


001*00 

001*10 

001*20 

001*30 

001*1*0 


LD 


1*AA7 DD5K00 

1*AAA KD52 __ 

l*AAC FAB51*A 001*50 
llAAF DDCBO886 001*60 
1*AB3 1801* 001*70 

1*AB5 DDCBO8C6 001*80 SETO 
1*AB9 DD7E08 001*90 LDPORT 


1*ABC D3FB 
ItABE D1 
1*ABF El 
1*AC0 FI 
llACl C9 
0019 


1*ADE 2600 
1*AE0 1600 
1*AE2 2E7E 


00510 

00520 

00530 

0051*0 

00550 

00560 TASKl 

00570 
00580 
00590 
00600 
00610 


l*AEl* DD5E01 00620 


1*AEA FAF61*A 00650 


1*AED 2E7A 
1*AKF ED52 
1*AF1 F2FCl*A 
l*AFl* 180F 


1*B03 D3FB 
1*B05 D1 
1*B06 El 
1*B07 FI 
I1BO8 C9 
0000 


SBC 

JP 


00660 
00670 
00680 
00690 

1*AF6 DDCB08CE 00700 SET1 SEI 

1*AFA 1801* 00710 JR 

1*AFC DDCBO88E 00720 RES1 HE£ 

1*B00 DD7E08 00730 OUTPRT ID 

0071*0 0U1 

00750 EXIT F01 

00760 
00770 
00780 
00790 


SBC 


START 

(h/o),a 

TASKO 

A,01H 

START 

(h/i),a 

TASKl 

L00P1 


(OFDH),A 

B,2FH 

LOOP2 

a,(ofdh) 


HJSH 

PUSH 

PUSH 


H,OOH 

D, OOH 

L. 7CH 

E, (IX/0) 
HL.DE 

M. SETO 
0,(IX/8) 
LDPORT 
0,(IX/8H) 

a,(h/8h) 

(OFBH),A 

DE 

HL 


D, OOH 

L, 7EH 

E, (lX/lH) 

HL.DE 

M. SET1 
L.7AH 
HL.DE 
P.RES1 
EXIT 

1,(IX/8H) 

OUTPRT 

1,(IX/8H) 

A,(IX/8H) 

(OFBH).A 


jCLR BUFFER 
;CHAN 0 
i START A/D 
jSAVE DATA 
I DO TASK 0 
; CHAN 1 
j START A/D 
;SAVE DATA 
;D0 TASK 1 
; LOOP 
jSPACE 
j SAVE 

j START A/D 
;TDffi DELAT 
; LOOP2 
;GET DATA 
; RESTORE 
; RETURN 
;SPACE 
jSAVE 
jSAVE 
SAVE 
CLEAR H 
CLEAR D 
TRIP POINT 
CLEAR CARRY 
GET DATA 
COMPUTE 
GO IF NEG 
RES BIT 0 
EXIT 

BIT 0 
GET DATA 
SEND DATA 
RESTORE 
RESTORE 


SPACE 
SAVE 
SAVE 
SAVE 
CLEAR H 
CLEAR D 
HI LIMIT 
■GET DATA 
5 CLEAR CARRY 
COMPUTE 
SET BIT 1 
LO LIMIT 
COMPUTE 
JP IF POS 
TO EXIT 
SET BIT 1 

RES BIT 1 

GET DATA 

SEND DATA 

RESTORE 

RESTORE 

RESTORE 

RETURN 


1 TOTAL ERRORS 


OUTPRT 1*B00 

EXIT 1*B05 

RES1 1*AFC 

SET1 !*AF6 

LDPORT 1*AB9 

SETO 1*AB5 

LOOP2 1*A7F 

TASKl 1*ADB 

TASKO 1*A9D 

START 1*A7A 

LOO PI 1*A11 

RUN 1*A09 
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into register A and subroutine START 
is CALLed. Routine START loads the 
address into the converter and starts 
A/D conversion. After a time delay set 
by byte 2F at address 4A7EH, the pro¬ 
gram returns to run with converted 
data in register A. Program run stores 
the data at address 4A00H and CALLS 
TASKO. Subroutine TASKO fetches the 
stored input data and subtracts it from 
trip point 7C (124) located at address 
4AA5H. If the result is negative, bit BO 
of the outport byte is set to one or other¬ 
wise set to zero. The outport byte is then 
transmitted to the relay port data latch. 
Bit BO now as data bit DO may alter the 
status of output channel zero. The next 
program module of run addresses itself 
to channel one and TASKl in a similar 
manner. 

Subroutine TASKl includes an upper 
trip point 7E (126) at address 4AE3H 
and a lower trip point 7A at address 
4AEEH. When the converted input falls 
between these limits, bit B1 of the out¬ 
port data byte is left unchanged. This 
introduces hysteresis much like a 
Schmitt trigger and prevents repetitive 
operation of mechanical relays and sole¬ 
noids when the input levels hover near 
the trip points. The trip points and dead¬ 
band are readily altered to suit the 
application. Use the TRS-80 TBUG 
machine language monitor to enter the 
object code. No changes are required for 
entry into either Level I or Level II 
machines. Alternatively, enter the 
source code or assembly listings using 
the TRS-80 Editor/Assembler 
EDTASM. Once the code is entered, 
make a tape copy using TBUG. Minor 
program changes are best entered man¬ 
ually using the TBUG. For major alter¬ 
ations, restructuring, or relocation of 
code, use EDTASM which markedly 
reduces the effort. 

Input and Output Circuits. Input cir¬ 
cuit Fig. 4A uses a thermistor for sens¬ 
ing temperature or a light-dependent 
resistor for sensing light levels. Resistor 
Ra can be a potentiometer for calibra¬ 
tion or setting of trip points. The sensor 
and pot can be interchanged. It is best to 
include RC filtering in the input circuit 
to remove noise and ac components 
which affect conversion. Try 100,000 
ohms for Rb and 0.1 **F for Ca or higher 
values if the RC time constant is not 
objectionable. Figure 4B shows two po¬ 
tentiometers of a joystick .'having two 
outputs which feed into two channels of 
the ADC, with the game program pro¬ 
cessing the converted data. 

Low-level voltages from devices such 
as a photovoltaic cell or thermocouple 
can be amplified by an op amp such as 
the LM324 as shown in Fig. 4C. Stage 
gain or scaling depends on the ratio of 
57 
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Fig. 4. Inputs: (A) a 
thermistor or light 
sensor; (B) two 
outputs of a joystick; 
(C) an amplifier to 
step up low-level 
signals. An 
optoisolator (D) is 
used to drive a triac 
or SCR. A decoder 
can be used on the 
output (E) to drive a 
display or LED or an 
alarm. 


resistors Rc and Rd. For scaling, use a 
potentiometer for Rc. Higher input volt¬ 
ages can be scaled using a voltage divid¬ 
er string. For low-voltage ranges, scaling 
is obtained by switching suitable values 
of resistor Rc. If you use 2.55-volts dc 
for the ADC reference voltage, full- 
scale or 255 occurs with an input voltage 
of 2.55 volts. For video display of con¬ 
verted data, include a subroutine which 
converts binary to ASCII for display in 
video memory space. This and other use¬ 
ful subroutines such as multiplication 
and division can be found in manuals on 
Assembly language programming. 

Output circuits include indicator 
lamps, audible alarms, mechanical and 
solid-state relays, stepping motors, and 
similar devices. Mechanical relays pro¬ 
vide electrical isolation between the 
computer circuits and the controlled 
power circuits. Where triacs or SCRs 
are used to control power, use an opto¬ 
isolator as shown in Fig. 4D. Alterna¬ 
tively, install a reed relay on the plug 
board for control of solid-state or re¬ 


mote-mounted mechanical relays. 

Through program subroutines, the 
full-scale range of the ADC input can be 
divided into a number of segments each 
issuing a unique decision to the outport. 
As an example, the task program can 
divide full-scale range into sixteen seg¬ 
ments with each program segment issu¬ 
ing a unique 4-bit nyble ranging from 
0000 to 1111. The nyble is output to the 
74LS75 latching port and affects the 
four outputs. 

As shown in Fig. 4E, a 4-to-16-line 
decoder is connected to the Q outputs 
and decoded to one of sixteen outputs. 
The output lines can activate an array of 
sixteen LEDs arranged as a bar graph 
(for example), or to activate audible 
alarms or process controls. 

The ADC and the DAC open the door 
to interfacing the computer with practi¬ 
cal tasks in the home and in industry. At 
far less than the cost of available inter¬ 
faces, you can begin experimenting with 
the ADC and put your own ideas to use 
at home. 0 
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A Science Fair Project forYourYoungster: 

THE ELECTRONIC 

ELECTROSCOPE 


Indicates when strong electrostatic field exists 

BY KEITH KUNDE 


P RIOR to 1792 and Allesandro 
Volta’s development of the chem¬ 
ical battery, nearly all electrical ex¬ 
perimentation and research involved 
static electricity. Such static charges 
are generated on many nonconducting 
materials through friction with a com¬ 
plementary material, with combina¬ 
tions such as glass and silk, sealing 
wax and wool, and solidified sulfur 
rubbed by hand, leading the way in 
early experiments. Of course, the ear¬ 
ly experimenters had no means for 
directly measuring their static 


charges, but they did observe the 
forces of attraction and repulsion pro¬ 
duced by charged objects. These ob¬ 
servations led to the introduction late 
in the 16th century of the earliest 
form of electroscope by William Gil¬ 
bert, who used a pivoting metal point¬ 
er to demonstrate the presence of stat¬ 
ic charges. 

Another early form of electroscope 
used small balls of pith or cork sus¬ 
pended by fine insulating threads so 
that the forces of attraction and repul¬ 
sion could be observed through the 


motions of the charged balls. In 1787, 
Abraham Bennet invented what be¬ 
came the most familiar form of the 
device—The Gold-Leaf Electroscope, 
which consisted of a small brass box 
having glass windows on two opposing 
sides, inside of which two strips of 
very thin gold leaf were suspended 
face-to-face from a metal rod. The 
rod passed through a cork in the top of 
the box and was terminated with a 
brass disk on its outer end. 

A charged object near the disk 
would cause a similar charge to be 
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electroscope 



Photo showing how the author assembled his prototype 
of the electronic electroscope on an aluminum chassis. 


induced on the leaves of the electros¬ 
cope. Since like charges repel, the 
equally charged gold leaves would re¬ 
pel each other and move apart, with 
the degree of divergence a function of 
the strength of the charge. The polar¬ 
ity of a charge could be determined by 
bringing another charged object near 
the disk. If the leaves remained di¬ 
verged, both charges were of the same 
polarity. However, if the leaves col¬ 
lapsed and then diverged again, the 
charges were of opposite polarity. Ex¬ 
ternal factors such as high humidity 
and ionizing radiation were observed 
to cause the rapid dissipation of elec-, 
trostatic charges as evidenced by the 
collapse of the leaves of the electro¬ 
scope when these factors were present. 

Later experiments, with so-called 
“current electricity” from batteries 
and generators, would reveal re¬ 



sponses by the electroscope similar to 
those produced with static electricity. 
Eventually, the brass enclosure origi¬ 
nally used by Bennet was supplanted 
by a simple glass jar or flask, and the 
fragile gold leaves found substitutes in 
thin foils of tin or aluminum. Since 
the price of gold prohibits the duplica¬ 
tion of the gold-leaf electroscope, we 
can turn to vacuum-tube technology 
to create an electronic counterpart of 
the static electricity detector. 

Circuit Operation. As shown in Fig. 
1, remote cut-off pentode, VI , whose 
operating bias is set by R2, acts as a 
switch connected across neon lamp II. 
The control grid of VI (pin 1) is float¬ 
ing, thus producing an extremely high 
input impedance. This makes the cir¬ 
cuit very sensitive to electrostatic 
fields such as those that appear 


PARTS LIST 

Cl—4 -mF, 200-V electrolytic 
D1 — 1N4003 or similar rectifier 
II—NE-51 or NE-2 neon lamp 
J1—5-way insulated binding post (see 
text) 

R1 —220-kJ2, f/ 2-W resistor 
R2—50-kfl linear-taper potentiometer 
T1 —125-V, 15-mA; 6.3-V, 0.6-A 
transformer (Stancor PS-8415, Triad 
R54X, or similar) 

VI—6BA6 or 6BD6 (see text) 

Misc.—7-pin tube socket, line cord, termi¬ 
nal strip, knob for R2, neon-lamp rubber 
grommet, metal enclosure (LMB 780, 
Radio Shack 270-238, or similar), rubber 
feet, wire, mounting hardware. 


around objects charged with static 
electricity. These fields are then 
picked up by a “sense antenna” con¬ 
nected to the control grid. 

When the control grid is not under 
the influence of an electrostatic field, 
it has little affect on the flow of cur¬ 
rent through VI, thus the tube con¬ 
ducts. The degree of conduction is 
determined by the setting of bias 
potentiometer R2. When VI conducts 
heavily, it reduces the voltage across 
II, forcing the lamp to turn off. 

If a negative voltage is induced on 
the control grid by an external nega¬ 
tive electrostatic field, Vi's conduc¬ 
tion is reduced thus allowing more 
voltage to reach the lamp so that it 
glows brightly. Since only a small 
voltage swing on the control grid is 
required to control the tube, the cir¬ 
cuit is quite sensitive. (Note: Al¬ 
though the neon lamp requires about 
65 volts to strike, it will remain glow¬ 
ing until the voltage across it falls to 
less than approximately 50 volts.) The 
relatively high resistance of R1 re¬ 
duces the hysteresis of the circuit, 
which improves circuit sensitivity. 

To detect a positive charge, R2 is 
set near maximum resistance. This 
reduces the shunting affect of VI 
(which is still conducting somewhat) 
and allows II to glow. When a positive 
charge is induced on the control grid, 
K/’s conduction increases, dropping 
the voltage across II and extinguish¬ 
ing the lamp. This reverse operation 
of the circuit gives a decisive indica¬ 
tion of a positive charge. 

Transformer T1 provides filament 
voltage for VI, with Dl and Cl form¬ 
ing a halfwave rectifier power supply. 
Resistor Rl limits lamp current to a 
safe level. 

Construction. The Electronic Elec¬ 
troscope was built in an aluminum 
minibox measuring 5'/4"L X 3"W X 
2>/s"D, but any suitable metal enclo¬ 
sure will do. Arrange the components 
to fit your enclosure, then mark and 
drill holes for the VI socket, the neon 
lamp bushing, Jl, and R2. Orient the 
tube socket so that the lead from pin 1 
to Jl is as short as possible (do not 
route this wire close to the chassis). If 
you want the ultimate in sensitivity 
and low leakage, use a ceramic tube 
socket and feed-through insulator for 
the sense antenna connection. 

Vacuum tube VI should be a re¬ 
mote cut-off or variable-mu pentode 
for best results. Some representative 
types are 6BA6, 6BD6, 6SG7, and 
6SK7. The 12-volt versions of these 
tubes will also work if a transformer 
with a 12.6-volt filament winding is 


Fig 1. The circuit uses a variable-mu pentode whose operating 
bias is set to make the control grid extremely sensitive. 
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as R2 is 


used. The tube socket connections 
shown in the schematic are for types 
6BA6 or 6BD6 or their 12-volt equiv¬ 
alents. Refer to any vacuum-tube 
manual for information on alternative 
tube types. 

Mount the neon lamp in a snugfit- 
ting rubber grommet. Connections to 
the lamp are made by soldering 
directly to the base shell or leads, as 
appropriate. Neon lamp types other 
than those called out in the parts list 
can also be used; but they will proba¬ 
bly require an adjustment in the value 
of Rl. As a starting point, make R1 
equal to the resistor recommended for 
operation of the lamp on 115 V ac. 
This information is usually shown in 
the catalogs. Also, Rl may have to be 
adjusted if a transformer supplying 
other than 125 volts rms is used. 

Diode D1 and capacitor Cl must 
both have voltage ratings of at least 
one and one-half times the transform¬ 
er rms voltage. Mount them on a ter¬ 
minal strip near the tube socket, being 
sure to observe correct polarity. 

No power switch was felt to be nec¬ 
essary so the line cord was connected 
directly to the transformer primary 
leads. You may choose to leave the 
transformer leads uncut in case you 
want to use it again. 

The sense antenna can be made of a 
piece of stiff wire about 8" long. This 
length has good sensitivity and per¬ 
mits fast response to electrostatic 
fields. Form the end of the wire into a 
loop to remove any possible hazard. 
Longer antennas, or a metal plate 
mounted just above the chassis, will 
store a charge for a longer time than a 
short wire. However, this slows down 
the response time (which of course, 
may be desirable). 

Operation. Turn the power on and 
allow the tube to warm up. The neon 
lamp should light immediately, but it 
may go out as the tube begins to con¬ 
duct. Rotating R2 throughout its 
range should cause the lamp to turn 
on and off as you adjust the control. If 
the neon lamp remains glowing at all 
settings of R2 , you may be carrying a 
static charge caused by rising from a 
chair or from walking about the room. 
This may be verified by stepping a 
few feet away from the sense antenna. 
If the lamp persists in remaining 
lighted, try reversing the line cord 
plug in the socket or connecting the 
metal chassis to a good earth ground. 
If the lamp still cannot be controlled 
by R2 , increase the resistance of Rl. 
When the circuit is operating prop¬ 
erly, the lamp will light when R2 is set 
toward the high-resistance end of its 




range and it will go out 
adjusted downward. 

Set R2 just below the point where 
the lamp lights. This is the most sensi¬ 
tive position for detecting negative 
static charges. Pass a plastic comb 
through your hair and bring it near 
the sense antenna. The lamp should 
light, possibly while the comb is still 
several feet away. If you continue to 
approach the antenna, the lamp will 
get brighter, but avoid actually touch¬ 
ing the antenna with the comb. Al¬ 
though contact with the antenna does 
no harm, it may take several minutes 
for the charge to dissipate from the 
grid circuit. If this happens, normal 
operation may be quickly restored by 
momentarily grounding the antenna 
to the chassis. Do not touch the anten¬ 
na with your hands, as you may only 
add to the charge. Instead, connect a 
wire to the chassis and touch the 
antenna with the other end of the wire 
for a second or two. The circuit should 
now operate normally again. Alterna¬ 
tively, a 15- or 20-megohm resistor 
can be connected permanently from 
the sense antenna to chassis ground 
allowing rapid dissipation of heavy 
charges. To experiment with positive 
electrostatic charges, adjust R2 just 
above where the lamp first lights. 

A good way to get a positive charge 
is to vigorously rub a glass rod (or any 
clean glass object) with a silk cloth. 
Bring the glass near the Electronic 
Electroscope and the lamp will go out. 
Note that, because a positive charge 
causes grid current to flow in VI, the 
grid impedance is much lower and it 
will be difficult to keep the lamp 
turned off using the charge stored on 
the sense wire. If you want to store a 
charge for a longer period, try con¬ 
necting a good-quality capacitor from 
the antenna to the chassis ground. 
Polystyrene or mica capacitors have 
low leakage and should give good 
results. You can experiment with dif¬ 
ferent values to get the results you 
want. Of course, the traditional Leyd¬ 
en Jar Capacitor often employed in 
experiments with static electricity can 
also be used, but avoid connecting 
heavily charged capacitors. 

If you work with MOS-type semi¬ 
conductors, or if you are troubled by 
static sparks zapping your personal 
computer when you touch it, this gad¬ 
get can give a warning that you are 
carrying a static charge. Set the unit 
up to detect negative charges for this 
application. Your family and friends 
will also find it amusing to see who 
can turn on the lamp at the greatest 
distance or to test various materials 
for their static properties. 0 
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BY RANDY CARLSTROM 



DESIGNING 
WITH THE 

8080MICROPROCESSOR 

Part 5: Morse Code 
Hardware Interface 


in Fig. 23. The Morse program 

' orcSTs 

ter or CRT 


shown in Fig. 24 may be used in con- 

changes given in TabfeT^ Pr ° 8ram 
In Fig. 23, IC2 and IC3 constitute the 
Port-Select logic, which decodes I/O 
port fc. Pin 1 of IC3B responds to an in 
fch instruction by going high; pin 4 of 


data during an out fch ir 
output of which may be c 
printer, CRT, or the sir 


o the CPU Data Bus 
during an in fch instruction. Only bit 0 
(pin 2 of IC4) is used by the Morse pro¬ 


functions as a form of A/D _ 
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8080 microprocessor. 


patible output (pin 5). The output goes 
low whenever audio of sufficient ampli¬ 
tude (from a received dot or dash) is 
present at the input, and is high in the 
absence of audio (spaces). 

Turning our attention now to Fig. 24, 
we find that IC7 converts the ASCII 
code latched in IC1 (which was output 
by the Morse program) into a multi¬ 
plexed 5-bit code necessary for driving 
the alphanumeric display DIS1. IC6, 


IC10, IC11 , and buffers IC8 and IC9 
complete the interface to DIS1. Bit 7 of 
the output latch (the unused parity bit) 
is used to turn the display on or off; set¬ 
ting this bit to 1 enables the display. 

Installation and adjustment of the in¬ 
terface is straightforward. Connect Jl, 
J2 , and J3 of the interface to PI, P2, 
and P3 of the CPU module using three 
16-conductor ribbon cables, and the au¬ 
dio input of the interface to your receiv¬ 


er’s speaker. Install the ROM contain¬ 
ing the Morse program machine code in 
the ICS socket of the CPU module. 

Apply power and adjust the receiver 
volume to a comfortable listening level. 
Then tune the receiver to a spot where 
no signals are present and adjust sensi¬ 
tivity control R1 until LED1 lights. Now 
back off R1 just past the point where 
LED1 extinguishes. This is the point of 
maximum sensitivity of the detector, 



TABLE II—MORSE INTERFACE TEST PROGRAM 


0000 

31 FF OB 

LXI SP. OBFFH 

(Initialize Stack Pointer to 
end of RAM area) 

0003 

CD 00 01 

LOOP CALL TEST 

(Call the test subroutine) 

0006 

C3 03 00 

JMP LOOP 

(Do it again) 

0100 

3E 41 

TEST MVI A,41H 

(Load accumulator with the 
ASCII (character code for 
‘•A") 

0102 

F6 80 

ORI 80H 

(Set display-enable bit) 

0104 

D3 FC 

OUT FCH 

(Sent data byte to the port) 

0106 

DB FC 

IN FCH 

(Read the port too) 

0108 

C9 

RET 

(and return to main program) 
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PARTS LIST 


Cl — 1 0-fiF , 10-V tantalum capacitor 
C2 through C8—0.01 -mF or 0.1 -iJF capaci¬ 
tor distributed near ICs 
C9—1-^iF, 10-V tantalum capacitor 
CIO—0.1 -mF disc ceramic capacitor 
C11—47-pF disc ceramic capacitor 
C12—68 -mF, 15-V tantalum capacitor 
C13—0.001 -mF disc ceramic capacitor 
D1 — 1N4148 switching diode 
D2— 1N4728A 3.3-V Zener diode 
DIS1—TIL-306 5X7 alphanumeric LED 
display 

IC1—74LS273 octal D-flip-flop 
IC2—74LS30 8-input NAND gate 
IC3—74LS02 quad 2-input NOR gates 
IC4—74LS244 octal noninverting tristate 
buffers /receivers 
IC5—LM556C dual timer 
IC6—74C14 or CD40106 hex Schmitt-trig- 
ger inverters 

IC7—MCM6674 5X7 character generator 
(Motorola) 

IC8, IC9—DS75492 MOS-to-LED hex digit 
drivers 

1C 10—CD4028 BCD-to-Decimal decoder 


IC11—74C161 or CD40161 binary coun¬ 
ter 

J1, J2, J3—16-pin DIP socket 
LED 1—Red LED 

Q1 through Q5—2N2907 or PN2907 tran¬ 
sistor 

Unless otherwise specified, the following 
are ''4-watt, 10%-tolerance, fixed car¬ 
bon-composition resistors: 

R1 —5-kQ, PC-mount potentiometer 

R2—5.1 kQ 

R3—4.7 kQ 

R4—1 kS7 

R5—51 kQ 

R6, R17 through R21—2.2 kQ 

R7—330 Q 

R8—100 kS2 

R9—470 kQ 

RIO—47 kQ 

R11—22 kQ 

R12 through R16—3.3 kQ 
R22 through R26—100 Q, U 2-W 
Misc.—1C sockets. Vector board or 
printed-circuit board, wire-wrap wire or 
solder, etc. 


which is usually a one-time adjustment 
since various signal strengths and noise 
conditions may be compensated for by 
adjustment of the receiver volume level. 
The interface can be tested by using the 
program shown in Table II. 

The Morse program is now opera¬ 
tional. In crowded band conditions, it is 
especially important that the receiver 
have adequate selectivity, or the Morse 
program will not know which signal to 
lock on to. Code speed variations are 
automatically tracked and compensated 
for by the program. 

The Morse program may also be used 
in conjunction with a code-practice os¬ 
cillator for code practice or trouble¬ 
shooting of the interface. It has also 
proven to be a very effective aid in learn¬ 
ing the Morse code since each Morse 
character may be seen immediately af¬ 
ter it is heard, making it easier to asso¬ 
ciate the Morse “sounds” with the char¬ 
acters they represent. 

Next month we will discuss program¬ 
ming the CPU ROM. 0 
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A3MPLE 

SHORTWAVE CONVERTER 

FOR ANY AM RADIO 

Inexpensive device enables AM radios 
to receive shortwave broadcasts 

BY JEFF HIRSCHL 


Y OU can hear dozens of powerful 
English-language broadcasts of¬ 
fering news, music, and drama from 
all parts of the globe night and day— 
but only if you have a shortwave 
receiver. If you’ve never been involved 
with shortwave and want to see if 
you’d like to pursue this hobby seri¬ 
ously, without a significant invest¬ 
ment, here’s a little converter which 
can be built for about $13. It lets you 
use an ordinary AM radio to receive 
broadcasts in the 60-meter tropical 
band (4750 to 5060 kHz) and the 49- 
meter band (5950 to 6200 kHz), two 
of the 11 SW bands available. 

Although performance does not 
stand up to that of a good shortwave 
receiver, this converter is more than 
adequate for an introduction to short¬ 
wave listening and at a great deal less 
money. With the recommended 10- 
foot antenna, signals from Radio 


Nederland , the BBC, Radio Canada 
International, and the Voice of Amer¬ 
ica can be easily received on the 49- 
meter band. On the tropical 60-meter 
band, so called because of the location 
of the stations that use it, signals can 
be received from as far away as 
Colombia and Venezuela. 

About the Circuit. As shown in the 
schematic, a CMOS NAND gate, 
ICIA, and a TV color-burst crystal, 
XI, form a local oscillator operating 
at 3579 kHz. The fundamental fre¬ 
quency of this oscillator is used for 60- 
meter band reception, while the sec¬ 
ond harmonic is used for the 49-meter 
band. The oscillator signal is fed to 
the source of mixer transistor, Ql. 
Meanwhile, the incoming signal from 
the antenna is tuned by plug-in capac¬ 
itors, Cl to C5, and is fed to the gate 
of Ql. The two signals “mix” in Ql to 


provide an output in the standard 
broadcast band, which appears at the 
drain of Ql. This output is coupled by 
C6 to amplifier transistor, Q2, which 
boosts it to a level and impedance 
suitable to drive the broadcast radio’s 
loop antenna. The signal for the 
broadcast radio is provided by a loop, 
L2, wound around the radio and driv¬ 
en by the emitter of Q2. 

Construction. The circuit may be 
built on any circuit board which can 
accept 14-pin DIP sockets for IC1 and 
the input tuning capacitors Cl to C5( 
Use point-to-point wiring and try to 
keep lead lengths as short as possible. 
Use care in soldering to avoid cold 
solder joints and wiring errors. 

To reduce the risk of static damage, 
use a socket at IC1 and leave the IC 
out during assembly. Be careful to 
wire this socket correctly, avoiding 











SW converter 




local oscillator, which includes a TV color-burst crystal, operates 
3579 kHz. The fundamental of this frequency is used for 60-meter 
reception and the second harmonic for the 49-meter band. 


PARTS LIST 

1C 1—4011 quad NAND gate 
XI—3.579-MHz, color-burst crystal 
Q1—Small-signal FET (2N3819, MPF102, 
or equivalent) 

Q2—General-purpose npn transistor 

(2SC391, 2N3904, or equivalent) 

LI—0.01-mH r-f choke 
L2—See text 

Cl — 100-pF disc or mica capacitor 
C2—470-pF disc or mica capacitor 
C3, CIO—47-pF disc or mica capacitor 
C4, C5—5.0-pF disc or mica capacitor 
C6, C7—0.01 -mF disc capacitor 
C8—0.1 -pF disc capacitor 
C9—4.7-pF disc or mica capacitor 
R1. R2, R5— 1,8-kfl, 'U-W resistor 
R3, R4—47-kfi, 'U-W (or <'2-W) resistor 
R6—1-MO, ’'4-W (or V 2-W) resistor 
SI—Spst subminiature switch 
Misc.—Circuit board, 1C sockets, battery, 
battery clips, etc. 

Note: All resistors are ±15%; all capaci¬ 
tors are 50-V dc; use a single 82-pF 
capacitor in place of Cl and C2 if 
desired. 


shorts. It may be helpful to position 
the leads for pins 1, 2, and 3 alternate¬ 
ly toward and away from the center of 
the socket to reduce the crowding of 
the pins. 

Mount another DIP socket close to 
LI, bus together all of the pins on one 
side of this socket, and connect to one 
side of LI. Then do the same with the 
pins on the other side of the socket 
and connect to the opposite side of LI. 
Try to keep the leads between the 
socket and LI as short as possible. 
Capacitors Cl to C5 will be inserted 
into and removed from this socket to 
tune the input circuit to the proper 
frequencies. Trim the leads on these 
capacitors to Vi inch before inserting 
into the DIP socket. For the 49-meter 
band, C3 and C4 alone will be used. 
Cl, C2, C4, and C5 will be used for 
the 60-meter band. You will add and 
remove 5-pF capacitors to “peak” 
shortwave signals. 


The output loop, L2, should be 
placed on the AM radio after all other 
wiring is completed. Set the radio in 
its normal operating position, then 
wind the loop vertically around the 
middle of the radio from front to rear. 
Do not make any connections or wind¬ 
ings inside the radio. You will move 
the loop on the radio during testing to 
obtain maximum performance. 

The finished converter can be 
mounted on a small block of wood if 
you don’t need portability. For porta¬ 
ble use, enclosing it in a plastic case is 
ideal. If this is to be done, build the 
project using as little of the circuit 
board as possible to minimize the size 
of case required. 

Toj. 'ing the Converter. Since the 
bands covered are generally useful 
only during darkness, make your first 
test of the converter after sunset. Plug 
C3 and C4 (49-meter band) into the 



input-capacitor DIP socket, and insert 
IC1 into its socket. Wrap L2 around 
the AM broadcast radio. Connect 
about 10 feet of wire to LI to serve as 
the antenna. You can directly solder 
the antenna wire to LI or, preferably, 
use an alligator clip at the end of the 
wire to fasten it there. An arrange¬ 
ment using a binding post mounted on 
the circuit board is all right, too. 

The Table shows the portions of the 
AM broadcast-band dial to which 
shortwave stations are converted for 
the two bands. Tune for stations in the 
49-meter band first. Connect the bat¬ 
tery, switch on the converter, and tune 
between 960 and 1100 kHz. You 
should hear shortwave stations inter¬ 
spersed with standard broadcast sig¬ 
nals. Removing the antenna or discon¬ 
necting power from the converter will 
make a shortwave station disappear, 
while a broadcast band signal will 
stay. Tune in a shortwave signal and 
move the L2 loop from side to side on 
the radio to peak the signal. Then 
remove and add 5-pF capacitors in the 
DIP socket until the maximum signal 
is obtained. 

If a signal generator is available, 
you can use it to test the converter 
instead of using signals on the air. Set 
the generator to 6000 kHz with a 
modulated signal and place its output 
lead near the converter’s antenna. 
Then tune the broadcast radio around 
1158 kHz until the signal is heard. 
Peak the circuit as described above. 

If the converter will not operate, try 
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moving the L2 loop from side to side. 
If this doesn’t produce results, try 
winding the loop vertically side to side 
on the radio instead of front to rear. 

In the U.S., almost all of the signals 
you will receive on the 60-meter band 
will be low-powered, domestic short¬ 
wave stations from Central and South 
America. Wait until later in the eve¬ 
ning to try this band because it 
doesn’t normally stabilize until then, 
especially in summertime. Plug Cl , 
C2, C4, and C5 into the DIP socket 
and try tuning between 1300 and 
1470, where the more audible signals 
will be converted. Station WWV has a 
transmitter in the 60-meter band at 
5000 kHz which you should be able to 
hear (converted to 1421 kHz). You 
may find that another piece of wire 
connected to the ground side of LI 
and run in a direction away from the 
antenna wire improves reception. Try 
varying its length between 3 and 10 
feet. This wire may also provide an 
improvement in the 49-meter band. 
Experiment! 

Although the converter was not spe¬ 
cifically designed for it, reception of 
WWV may also be possible at 2500 
kHz. The conversion frequency and 
capacitance are included in the Table. 
To achieve the proper capacitance, 
use any combination of capacitors in 
the DIP socket which add up to the 
proper value. During reception of this 
lower frequency signal, it will be nec¬ 
essary to use the wire connected to the 
ground side of LI that was described 
earlier. Reception of WWV at this fre¬ 
quency will be best during the winter 
months and in the West. 

If you want to try a station listed in 
a log or magazine article, use the for¬ 
mulas in the Table to convert the 
listed shortwave frequency to the 
broadcast-band frequency for each of 
the covered bands. 

Because the broadcast radio’s loop 
antenna still receives the normal AM 
signals, it is possible that they will 
interfere with a desired shortwave sig¬ 
nal. Rotating the radio may help by 
nulling out the offending signal. Be 
sure to keep L2 in position on the 
radio while you rotate it. 

Shortwave reception varies from 
season to season and even from night 
to night. So it is not at all unusual to 
receive a station as clearly as a local 
station one night and and not at all 
the next. 

Though this unit is designed for be¬ 
ginners, even experienced listeners 
may enjoy using it. The unit, if 
enclosed in a plastic case, is great to 
take along on camping trips or while 
travelling. Happy listening! O 
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ADD A SAFE,CONVENIENT 

SHUTOFF TO 
SMOKE DETECTORS 

Provides a 30-to-45-minute shutoff 
and restores power automatically 

BY PAUL DANZER 


S MOKE detectors are a common 
safety feature in the home nowa¬ 
days. But when the alarm goes off, it 
doesn’t always mean trouble. If a 
detector is mounted over a work 
bench, for example, smoke and fumes 
from soldering are often enough to set 
the alarm off. Also, smoke from fry¬ 
ing or broiling of meats, such as bacon 
and lamb chops, can sometimes trig¬ 
ger the alarm. These false alarms are 
even more of a problem during the 
winter when windows and doors are 
sealed against the weather. 

When the alarm goes off acciden¬ 
tally, one approach is to disconnect 
the smoke detector’s battery (not al¬ 
ways an easy job) and wait until the 
smoke has cleared. However, it’s very 
easy to forget to reconnect the bat¬ 
tery. The circuit discussed in this arti¬ 
cle provides a 30-to-45-minute shut¬ 
off period for any of the common 


smoke detectors, after which power is 
restored automatically. 

Circuit Operation. Power is sup¬ 
plied to the circuit from a 120-volt 
transformer, 77. Any small UL- 
approved transformer, such as one 
salvaged from an old calculator bat¬ 
tery charger, may be used. The trans¬ 
former must be plugged into the 120- 
volt wall outlet and left there. The two 
low-voltage wires from the secondary 
are run to a small box which contains 
the circuit. 

A 555 timer provides a delay period 
set by the 10-megohm potentiometer, 
Rl. and the IOO-/1F capacitor, C2. 
When the smoke detector goes off, it 
can be silenced by pressing SI. This 
energizes relay, Kl, which is remotely 
located on the smoke detector case. In 
addition, the LED goes on, showing 
that the smoke detector is silenced. 


After a period of 30 minutes or so, 
as set by the potentiometer, the circuit 
goes off and the relay reconnects the 
battery to the smoke detector allowing 
normal operation. 

A measure of safety is provided by 
the LED which indicates that the 
detector is off in the event of a lockup 
of the 555 timer (staying in “ON” 
state). Any other type of failure would 
not affect normal smoke detector op¬ 
eration because the relay would be in 
its unenergized state. Place the circuit 
with pushbutton in a small box at a 
convenient height. If the detector goes 
off inadvertently, simply press the 
button and the circuit will do the rest. 
It will save you the trouble of finding 
a chair, climbing up to remove the 
smoke detector cover, disconnecting 
the battery, and, hopefully, remem¬ 
bering to reverse the process some¬ 
time later. 0 



PARTS LIST 

Cl—500 -mF, 25-V electrolytic 
C2—100-jiF, 10-V electrolytic 
C3.C4—0.01-nF, 25-V capacitor 
D1—50-PIV, 1-A rectifier 
D2.D3—1N914 diode 
1C 1—555 timer 

Kl—Spdt, 5-V dc relay, coil resistance 
50-SI minimum. 

LED1—Red light-emitting diode 
Rl — 10-MQ potentiometer 
R2—10-kSl, v«-w resistor 
R3—330-Q, v 2 -W resistor 
SI—Spst, momentary-contact, pushbutton 
switch 

T1—6-V, 100-mA transformer (see text) 
Misc.—1C socket, pert board, wire, solder, 
enclosure (approx. 3" x 2" x 2"), terminal 
strip, etc. 
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.test equipment. 



Po pular Electronics Tests 

Keithley Model 128 DMM 


T HE Keithley Model 128 Digital 
Multimeter was designed for the 
general-purpose service market. It offers 
0.5% basic accuracy, 3>/2-digit, 0.6" 
LCD display, resolution to 1 mV/0.1 
ohm, 10-ampere ac/dc current capabili¬ 
ty, and resistance measurements to 20 
megohms. One of its interesting features 
is a presettable “beeper” that operates 
on all ranges and functions. The beeper 
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functions in conjunction with a set of 
arrowheads on the LCD readout. When 
a measurement is above the preset 
threshold, an arrow pointing up is dis¬ 
played; and when the reading is below 
the predetermined level, the arrow 
points down. The beeper can be turned 
off if desired without affecting the 
arrowhead display. It does not affect cir¬ 
cuit loading on any range or function. 

Model 128 also features a diode test 
function in which a single junction is 
tested at 1 mA. This allows testing of 


LEDs and multiple junction devices 
such as Darlingtons and eliminates con¬ 
fusion between two forward-biased 
diode drops and an open junction. 

The unit is 7"L x 3"W x 11/2" D and 
weighs 11 oz. Manufacturer’s suggested 
retail price is $139. 

General Description. The instrument 
features four dc voltage measurement 
ranges between 2 and 1000 volts with a 
resolution of 1 mV on the lowest range, 
and 1 volt on the 1-kV range. The ac 
function also has four ranges from 2 
volts to 750 volts with the same resolu¬ 
tion as for dc volts. The frequency range 
is from 45 to 500 Hz; the voltage read¬ 
ing is an average calibrated in terms of 
the rms value of a sine wave. 

Resistance can be measured in four 
ranges between 200 ohms and 20 meg¬ 
ohms full scale, using an open-circuit 
voltage of less than 0.4 volt on the two 
highest ranges. 

Model 128 does not have conventional 
mA current ranges. However, a 10- 
ampere range is provided for both ac 
and dc. Accuracy is 1.5% on dc and 2% 
on ac, with resolution of 10 mA on both 
functions. Ac current measurements can 
69 




















test equipment. 


MANUFACTURER’S SPECIFICATIONS 


SIMPLE SIMON KITS 



12 dB GAIN ± 0.5dB 


SIMPLE SIMON ELECTRONICS 

INTRODUCES 

A REVOLUTIONARY NEW ONE STAGE 
HYBRID 1C BROADBAND AMPLIFIER 



7 + 11 PARTS KITS 



simpleImonelectronic kits 

3871 S. Valley View, Suite 12, Las Vegas, Nevada 89103 
Tel: (702) 322-5273 


All Other Orders: 

11850 S. Hawthorne Blvd., Hawthorne, Calif. 90250 
Tel: (213) 675-3347 


DC Volts: 

Resolution: 2-V range—1 mV 

20-V range—10 mV 
200-V range—100 mV 
1000-V range—1 V 

Accuracy (1 year): ±0.5% of reading + 1 
digit (18 - 28° C) 

Maximum allowable input: 1000 V dc or 
peak ac 

Input resistance: 10 megohms 

Normal-mode rejection ratio: Over 56 dB at 
50 or 60 Hz 

Common-mode rejection ratio: Over 100 dB 
at dc, 50 or 60 Hz (1000-ohm unbal¬ 
ance) 

AC Volts: 

Resolution: 2-V range— 1 mV 

20-V range—10 mV 
200-V range—100 mV 
750-V range — 1 V 

Accuracy (1 year): ±1% of reading + 5 
digits (18 - 28°C) 

Frequency range: 45 to 500 Hz 

Maximum allowable input: 100 V peak 

Input impedance: 10 megohms shunted by 
less than 100 pF 

Response: Average responding, calibrated 

Resistance: 

Range: 200 ohms 
Resolution: 100 milliohms 
Accuracy: ±0.5% + 3 digits 
Full-scale voltage: less than 0.3 V 


be made between 45 and 500 Hz. Volt¬ 
age burden in either mode is 0.3 volt. 
Complete specifications are shown in 
the Table. 

The shatterproof ABS plastic case has 
the LCD panel recessed below a protec¬ 
tive rim. The two controls—range and 
function (which also contains the power 
on/off switch)—are also recessed below 
the top plate and have thumbwheel 
knobs that enable easy setting. The low¬ 
er portion of the top side is sloped down¬ 
ward and contains five banana jack con¬ 
nectors for ohms, volts, and their com¬ 
mon, and the common-high connectors 
for the 10-ampere ranges. The case and 
controls are color-coded in shades of 
brown, with white lettering. 

The underside of the case contains the 
battery (9-volt) holder snap-in cover and 
a smaller snap-in cover over the thresh¬ 
old detector controls. There are also four 
skidproof buttons for fret on the bottom 
of the case. There is no tilt stand. The 
beeper on/off switch is mounted on the 
right side. 

Optional accessories include Model 
1301 Temperature Probe ($89), Model 
1304 Soft Carrying Case and Handle 
($10), Model 1306 Deluxe Carrying 
Case ($25), Model 1600A High-Volt¬ 
age Probe ($79), Model 1681 Clip-On 
Test Lead Set ($6), Model 1682A R-F 
Probe ($79), Model 1683 Universal Test 
Lead Kit ($10), Model 1685 Clamp-On 
Current Probe ($75), and the Model 
1691 General-Purpose Test Leads ($6). 


Range: 20 kilohms 
Resolution: 10 ohms 
Accuracy: ±0.5% + 1 digit 
Full-scale voltage: less than 0.3 V 
Range: 2 megohms 
Resolution: 1 kilohm 
Accuracy: ±0.5% + 1 digit 
Full-scale voltage: less than 0.4 V 
Range: 20 megohms 
Resolution: 10 kilohms 
Accuracy: ±2% + 1 digit 
Full-scale voltage: less than 0.4 V 
Diode test: On-scale reading for 1 or 2 
forward-biased silicon diodes (at 1 
mA) 

Maximum open-circuit voltage: 3.2 V on 
diode test and 200-ohm ranges, 0.8 V on 
other ranges 

Maximum allowable input: 300 V dc or 

DC Amperes: 

Range: 10 A 
Resolution: 10 mA 
Accuracy: ± 1.5% + 1 digit 
Max. full-scale voltage load: 0.3 V 
Max. allowable input: 20 A for 15 s (un¬ 
fused) 

AC Amperes 

Range: 10 A 
Resolution: 10 mA 

Accuracy (45-500 Hz): ±2% + 5 digits 
Max. full-scale voltage load: 0.3 V 
Max. allowable input: 20 A for 15 s (un¬ 
fused) 


Comments. The Keithley Model 128 
Digital Multimeter was tested by the 
Lockheed Electronics Instrumentation 
Measurements Laboratory (Plainfield, 
NJ) against standards traceable to the 
National Bureau of Standards and met 
specifications in all respects. 

As is usual for these reviews, we used 
the Model 128 on our workbench for 
several weeks to get the “feel” of the 
instrument. During these tests, we try to 
use any unusual features or functions as 
much as possible. 

The adjustable threshold/beeper 
combination does a fine job. (The set¬ 
ting of thresholds is covered in the 
instruction manual.) The beeper, while 
not too loud, is strong enough to be 
unmistakeable. We also found the diode 
test mode excellent for checking single- 
and multiple-function devices. 

The only omission we noted—admit¬ 
tedly a small one—was the lack of a tilt 
stand. However, even when the instru¬ 
ment is lying flat on the workbench, the 
large readout remains easily visible. 

Model 128 is an excellent low-cost 
portable digital multimeter. It per¬ 
formed well in the practical phase of our 
testing and should be at home on almost 
any test bench. With its beeper, it can be 
used by blind operators for some go/no- 
go situations. Having a beeper on all 
functions, rather than just a few, sets the 
Model 128 apart from other digital mul¬ 
timeters.— Les Solomon 
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T he Popular Electronics 
Sweepstakes is open to all 
our readers. No purchase is 
required—and you’ll receive a fan¬ 
tastic Atari Video Computer Sys¬ 
tem and 10 exciting Game Pro¬ 
gram cartridges worth over $400 if 
you’re the lucky winner! 

How the Popular Electronics 
Sweepstakes works 
Just mail the attached card or the 
coupon below after filling in your 
name and address. Be sure to indi¬ 
cate whether you’re also subscrib¬ 
ing to Popular Electronics at the 
special rates shown—you can save 
as much as 40%. 

Then, if you win, you’ll start 
having fun with one of America’s 
most popular video games: the 
Atari Video Computer System. 
Just connect it to your TV set (not 
included) and plug it in. Tb play a 
game, simply attach the appro¬ 
priate paddle or joystick, insert a 
Game Program cartridge and GO! 
The system can be used with color 
or black-and-white TV, and comes 
complete with 10 of Atari’s most 

--—— OFFICIAL RULES ———- 

Vo Purchase Required 

your name, address and zip code. Enter as often as you wish, but 
mail each entry separately to Popular Electronics Sweepstakes, 
P.0. Box 2785, Boulder, Colorado 80322. Entries must be received 

March 22,1982. V ■ an e rawln ° wl e e y 

2. Winner will be selected in a random drawing from among all 
entries received, under the supervision of the publishers of 
Popular Electronics, whose decision is final. Only one prize will 
be awarded in this Sweepstakes. Winner will be notified by mail 
and may be required, to execute affidavit of eligibility and 
release. Odds of winning will depend on the number of entries 
received. Ziff-Davis will arrange delivery of prize. Taxes are the 
responsibility of the winner. Any manufacturer's claims and 
warranties will apply, but Ziff-Davis makes no claims or 
warranties with regard to any prizes. Prize is not transferable. 

No substitutions or exchanges for prizes. 

3. Sweepstakes open to all U.S. residents except employees of 
Ziff-Davis Publishing Company, its affiliates, advertising and 
promotion agencies. Void wherever prohibited or restricted by 

4. For the winner's name, send a stamped, self-addressed envelope 
to Popular Electronics Sweepstakes. Circulation Department. 
Ziff-Davis Publishing Company. One Park Avenue, New York, N.Y. 


sophisticated games: Adventure, 
Air-Sea Battle, Bowling, Casino, 
Circus Atari, Combat, Home Run, 
Missile Command, Sky Diver 
and—of course—Space Invaders. In 
all, a top-quality entertainment 
package valued at $410. 

You’re sure to win 
with Popular Electronics! 
Whether or not you win our 
Sweepstakes, your electronics 


projects are certain to be winners 
when you subscribe to Popular 
Electronics. It’s the Number One 
magazine in its field-filled with 
news about computers, audio 
equipment, communications and 
home projects. 

Why not enjoy a year or more of 
Popular Electronics at our low 
introductory prices? You’ll save up 
to 40% if you subscribe at the same 
time you enter our Sweepstakes! 


- OFFICIAL ENTRY FORM -J 

Mail to: Popular Electronics Sweepstakes 

P.O. Box 2785, Boulder, Colorado 80322 

□ YES! Enter my name in the Popular Electronics 
Sweepstakes and start my subscription to Popular 
Electronics for the term checked: 

□ One year only $11.97-20% off! 

□ Two years only $19.97—33% off! 

□ Three years only $26.97—40% off! 

Savings based on full one-year subscription price of $15. 

□ NO I don’t wish to subscribe now, but tell me 
if I’ve won the Popular Electronics Sweepstakes. 



CHECK ONE: 

□ Payment □ Bill me 
enclosed. later. 


Mr./Mrs./Ms. 

Address 

(please print full name) • 


City 

StrfltP 


Offer valid o 

>nly in the U.S. Please allow 30 to 60 days for di 

elivery of first issue if you subscribe. 
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Noise Fundamentals 


T HE PRINCIPLES of noise should 
be understood by anyone in elec¬ 
tronics. Equipment and circuit design¬ 
ers strive to minimize noise and most 
equipment specifications include at least 
one reference to “noise figure” or “sig- 
nal-to-noise” ratio. 

Definitions. Noise: Unwanted distur¬ 
bances superimposed upon a useful sig¬ 
nal that tend to obscure its information 
content. 

Random noise: Transient distur¬ 
bances occurring at random; spectral 
characteristics are like those of thermal 
noise. 

White noise : Either random or im¬ 
pulse noise that has a flat frequency 
spectrum over the range of interest. 

Thermal noise : The noise caused by 
thermal agitation in a dissipative body. 
(Generally, the result of thermal agita¬ 
tion from electrons in a resistance.) 

Types of Noise. All electrical noise 
can be classified as either external noise, 
which originates outside the electronic 
circuit; or internal noise, which is gener¬ 
ated by the circuit itself. 

Table I lists the four types of external 
noise, together with their major causes, 
usual frequency ranges, and typical 
maximum levels. External noise is of 
concern in all types of radio communica¬ 
tion and in radar operations. Because it 



Where P|1 is the signal input power re¬ 
quired to generate a signal-to-noise out¬ 
put ratio of 1. 

k= Boltzmann’s constant = 1.38 X 
10 _23 joules per degree Kelvin 
T 0 = Reference temp. = 290° K 
Af = Bandwidth in Hz 
(kT 0 = 400 X 10“ 23 ) 

Fig. 1. Setup for making receiver 
noise-factor measurements. 


is external, it can vary greatly over time 
and with one’s geographic location. 

Antennas affect the noise perfor¬ 
mance of a receiving system by their 
bandwidth, directivity, location, and in¬ 
herent noise characteristics. The circuits 
connecting an antenna to the receiver 
input also contribute to noise and can be 
designed to minimize it. Probably the 
greatest design effort is focused on the 
receiver front end. 

Internal noise is mostly due to thermal 
effects, originating at the receiver front 
end and amplified with the desired sig¬ 
nal. In systems using FM or various 
forms of pulse modulation, other unde¬ 
sirable effects such as phase jitter, 
bounce, and pulse-width variations, are 
also classified as noise. They require dif¬ 
ferent measurement and reduction tech¬ 
niques than other noise. 

Noise Measurement. The mean 
square value of the thermal noise volt¬ 
age is 

E 2 = 4 R kTB 

where: R = resistive component of the 
impedance 

k= Boltzmann’s constant 
(1.38 X 10- 23 joules/“K) 

T = temperature in degrees K 
B= bandwidth in Hz (at 3-dB 
points) 

In the temperate climate zone T is set so 
that 1.38 T = 400, which corresponds to 
about 17" C or 63" F. This makes E 2 = 
1.6 X 10- 20 RB 

Example: A TV receiver has an 
input impedance such that R = 300 
ohms with a bandwidth of 6 MHz. 
Then E 2 = 1.6 X 10- 20 X 300 X 6 
X 10 6 = 28.8 X 10- 12 . Taking the 
square root, we get E = 5.37 micro¬ 
volts. To get a signal-to-noise ratio 
of 10 we would need a 53.7 micro¬ 
volt signal from the antenna. In 
actual fringe area reception we nor¬ 
mally expect to receive at least that 
much signal. 

Figure 1 shows the test set-up for a 
simple noise factor measurement for any 
type of receiver. Generator resistance R 0 
should be the same as the resistive com¬ 
ponent of the antenna or the transmis¬ 
sion line. 

With the generator connected but 
with the signal turned off, we record the 
reading on the output meter. Next, we 
turn the generator on at the correct 
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unmodulated carrier frequency, and in¬ 
crease the output until we obtain twice 
the previous reading on the meter. This 
gives us P;1 in the noise-factor equation. 
If the generator output is indicated in 
micro or milliwatts we can use this fig¬ 
ure, but if it is only available in micro or 
millivolts we have to convert the reading 
into power. (Power equals square of 
voltage, divided by resistance). 


More accurate noise measurements 
involve the use of noise generators, 
bandwidth-limiting filters and attenua¬ 
tors, as well as dummy antennas and 
shielded rooms. For most practical ap¬ 
plications, however, the method shown 
in Fig. 1 is adequate. 

Example : Using the same TV re¬ 
ceiver, we find that we have to 
increase the generator output to 


5.37 microvolts to get twice the me¬ 
ter reading. This corresponds to P, 1. 
Divided by kT 0 X 6 MHz we get a 
noise factor of 4. 

In some specifications the term “noise 
factor” is used, while others use the 
term “noise figure.” The “noise figure” 
is simply the “noise factor” stated in 
decibels: Noise Figure (dB) = 10 log 
Noise Factor. 0 
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Bubble Memory Developments 


L ESS THAN a year ago this column 
featured the magnetic bubble mem¬ 
ory (“Solid-State Developments,” March 
1981). At that time bubble memories 
were very much in the news and at least 
four major domestic semiconductor 
companies were making commercial de¬ 
vices. AT&T was making bubble memo¬ 
ries for in-house applications and several 
Japanese and European firms had en¬ 
tered or were preparing to enter the 
business. 

Bubble memories are in the news 
again, but this time for a very different 
reason. Instead of announcing new bub¬ 
ble memory products, three of the four 
major United States bubble memory 
makers have abandoned the market al¬ 
together! 

The first company to leave was Rock¬ 
well International. The firm will no 
longer offer commercial bubble memo¬ 
ries and will instead concentrate on spe¬ 
cialized military applications for the 
memory devices. 

Texas Instruments withdrew from the 
bubble race shortly after Rockwell In¬ 
ternational. Prior to the withdrawal, the 
firm had added a removable bubble car¬ 
tridge system to its line of bubble mem¬ 
ories, support ICs and preassembled 
bubble memory cards. Like a similar 
system made by Fujitsu, the big Japa¬ 
nese computer company, only the mem¬ 
ory chip itself was housed in the car¬ 
tridge. AH the required support elec¬ 
tronics were installed on a board con¬ 
nected to the cartridge socket. 

After Texas Instruments dropped out 
of the bubble market. National Semi¬ 
conductor issued statements reaffirming 
its commitment to bubbles and predict¬ 
ing volume shipments of a 1-megabit 
bubble system by the end of 1981. But 
by August of last year National became 
the third bubble maker to bail out. The 
decision came too fast for the company 
to cancel upcoming trade magazine ad¬ 
vertisements describing its line of bub¬ 
ble products. Some of the ads appeared 
in print weeks after the cancellation 
announcement. 

The departure of these three firms 
from the bubble memory business leaves 
Intel as the only domestic supplier of 
commercial bubble memories. However, 
Motorola has announced plans to intro¬ 
duce a line of commercial bubble mem¬ 
ories in the near future. Intel and 
Motorola may soon be joined by a third 
according to recent news reports. Some 
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former employees from the three can¬ 
celled bubble programs have formed a 
new bubble memory company. But why 
did three major companies abandon this 
memory technology? 

The high cost of bubble memories 
appears to be the big reason for compa¬ 
nies leaving the business. TI’s TM 990/ 
210-3L 69K-byte, bubble memory 
board, for example, sold for $2,060. 
Prices were expected to fall as bubble 
technology was mastered. However, 
they have been unable to keep up with 
big price reductions for conventional 
magnetic disk memories and the new 
generation of large-capacity RAMs. 
Consequently, the market for bubbles 
has been soft. 

At last report, Intel and Motorola had 
both reaffirmed their commitment to 
bubble memory technology. But the 
competition from Japan’s Fujitsu and 
the new generation of RAMs will be 
rough. Already, 64K-bit RAMs are 
commercially available from many com¬ 
panies and memories with even bigger 
capacities are being developed. 

Consider, for instance, what’s happen¬ 
ing in Japan. Nippon Electric Company 
(NEC) has built laboratory versions of a 
256K-bit RAM which fits in a 16-pin 
package! Hitachi and Mitsubishi have 
also made 256K-bit RAMs and some 
Japanese firms are working on develop¬ 
ment of a 1-megabit RAM. To put these 
memory capacities in perspective, con¬ 
sider that a typical stripped-down home 



A new infrared emitter and 
detector available from Litronix. 


computer system may have only 32K 
bits of RAM! 

Even though magnetic bubbles have 
been bursting lately, the 1980’s prom¬ 
ises to be the decade of the biggest 
advances yet in solid-state memories. 
Watch this column for developments. 

Miniaturized Core Memory. Re¬ 
member the magnetic-core memory that 
once dominated computer memory tech¬ 
nology? The Controlex corporation re¬ 
cently announced a product that is prob¬ 
ably the world’s smallest production- 
model core memory. Housed in a 14-pin 
DIP, the Controlex 120 contains a 4-bit 
core array capable of storing a single 4- 
bit nybble of data. 

Since the device stores data without 
the need for electrical power, it is ideally 
suited for saving microprocessor status 
information during power outages or 
normal shutdowns. Though the standard 
model stores information sequentially, a 
parallel access version is available. 
Higher storage capacity modules are 
also available. For more information 
about this tiny core memory, which is 
compatible with TTL chips, contact 
Controlex Corp. (16005 Sherman Way, 
Van Nuys, CA 91406). 

Solid-State Inflation? When some¬ 
one complains about the high cost of sol¬ 
id-state components, I like to remind 
them about $18 infrared-emitting 
diodes (1969), $300 silicon transistors 
(late 1950’s) and $250 microprocessor 
chips (1974). To realize how inexpen¬ 
sive solid-state components are, just 
browse through the ads in back issues of 
Popular Electronics. 

An ad which appeared in May 1970, 
for example, listed the 7490 decade 
counter for a whopping $5.50, the 7475 
quad latch for $4.50, the 7441 BCD-to- 
decimal decoder for $6.50 and the 7493 
4-bit counter for $4.95. The 709C op 
amp and the 710C comparator cost 
$1.69 each. 

As you can see, a little over a decade 
ago even very common ICs, at least by 
today’s standards, were very expensive. 
Remember also that the value of the 
dollar was at least twice then what it is 
now. What’s more, the variety of ICs 
available today is far greater than ten 
years ago, and they can be conveniently 
purchased at many local electronics re¬ 
tailers or through mail order suppliers. 

Solid-state inflation? Prices may level 
off and may even begin rising for some 
components. But those of us who enjoy 
experimenting with solid-state electron¬ 
ics have never had it so good. 

New IR Emitter-Detector Pair. 

Speaking of inflation, infrared-emitting 
diodes and detectors have never been 
cheaper. And many companies are in¬ 
troducing both high-power emitters and 
fast-risetime photodiodes. The latest IR 
emitter-detector pair is from Litronix 
(19000 Homestead Road, Cupertino, 
CA 95014). 

Litronix’s new emitter, which is desig- 
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New temperature-sensing ICs from Motorola offer high accuracy and small si 


nated the LD-217, generates 10 milli¬ 
watts when biased at 100 milliamperes. 
A 7-milliwatt version (LD-271A) and 
16-milliwatt version (LD-271H) are 
also available. 

The photodiode is a fast-risetime pin 
detector housed in a black encapsulated 
package similar to the TO-92 transistor 
package. The black encapsulant acts as 
a filter that blocks visible radiation 
while transmitting near-infrared. Two 
versions of the detector are available, 
one sensitive on the rounded side (SFH- 
205) and the other sensitive on the flat 
side (SFH-206). A clear package ver¬ 
sion is also available (SFH-206K). 

While the press release did not pro¬ 
vide single-quantity prices for these de¬ 
vices, the 1,000-unit prices which were 
given would indicate the LEDs should 
be available in small quantities for un¬ 
der a dollar each. The pin photodiodes 
should be priced at about $2 each. These 
prices are competitive with other recent¬ 
ly announced infrared emitting and 
sensing diodes and reflect the trend 
toward very low-cost, high-quality op¬ 
toelectronic components. 

Ultra-Small Temperature Sensor. 

This column has twice covered the 
increased use of the miniature SO pack¬ 
age for integrated circuits (November 
1980 and July 1981). Motorola has 
joined this trend by recently introducing 
an ultra-miniature, temperature-sensing 
chip housed in a three-terminal, SOT23 
package. 

Three versions of the new sensor are 
available: MMBTS102, 103 and 105. 
They have temperature accuracies of, 
respectively, plus or minus 2, 3 and 5 
degrees Celsius. 


The tiny size of these new sensors 
greatly speeds up their response to tem¬ 
perature changes. The thermal time 
constant for liquids is only 400 millisec¬ 
onds. For air, it is less than 3 seconds. 
The voltage output as a function of chip 
temperature is linear within an error 
band of ± 1 percent from —40° C to 
150° C. This is comparable to platinum 
resistance wire, one of the traditional 
temperature measuring sensors. 

Single quantity cost of the 
MMBTS102 is a surprisingly low $1.10. 
The 103 and 105 versions are 92£ and 
73<i, respectively. For more information, 
contact Motorola Sensors Marketing 
(P.O. Box 20912, Phoenix, AZ 85036). 
Before purchasing any of these sensors, 
make sure you are properly equipped to 
solder them into your circuits. Their 
small size precludes breadboarding. 

CMOS Speeding Up. Experimenters 
who insist on using TTL or low-power 
TTL for their projects because of this 


family’s high speed may have to think of 
a better reason for using it. In a joint 
effort to overcome the speed limitations 
of CMOS, National Semiconductor and 
Motorola have announced plans to make 
a series of CMOS chips patterned after 
the low-power Schottky TTL family. 

The new series will use a 74HCXX 
designation. Speeds will be some twenty 
times faster than standard CMOS at 5 
volts. Eventually, at least 100 CMOS 
equivalents of the LS family will be pro¬ 
duced. The new devices will have the 
same pinouts as standard LS chips and 
will be rated for use at up to 30 MHz. 

Since CMOS is by far my favorite 
logic family, I can hardly wait for a 
chance to experiment with some of these 
new chips. Those of you who are still 
dedicated TTL users will finally have 
access to a CMOS family of logic which 
should meet most of your needs. 

An Oscilloscope Breakthrough. 

The most important piece of test equip¬ 
ment on my workbench is a laboratory- 
quality, 100-MHz oscilloscope. Until re¬ 
cently, good scopes such as I have cost 
several thousand dollars. They still do, 
but the Japanese have made major 
inroads in this market with compara¬ 
tively low-priced, high-quality scopes. 

Recently, Tektronix turned the tables 
on the Japanese scope makers by intro¬ 
ducing a very high-quality, 60-MHz, 
dual-trace scope which sells for only 
$1100 complete with probes. While this 
price may be well beyond the budget of 
many hobbyists, serious experimenters 
should have a look at this new scope’s 
specifications. They are impressive. 

For more information, contact Tek¬ 
tronix, Inc. (P.O. Box 4828, Portland, 
OR 97208) and request literature On the 
TEK 2200 series of multipurpose oscil¬ 
loscopes. If the price is too high for your 
budget or if you aren’t satisfied with the 
scope’s specifications, be patient. The 
very low price tag has already begun 
rumors about price cuts for competing 
scopes. 

Since oscilloscopes are so important to 
solid-state electronics experimentation. 
I’ll have much more to say about them 
in a future column or article in Popular 
Electronics. Many modern, high-speed 
circuits could not be effectively designed 
without the help of an oscilloscope. 0 
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Sound-Activated Timer 

Q. I would like a circuit that will start 
my battery-operated timer for a race 
when the starter’s pistol is bred. This 
will enable me to make accurate starting 
measurements during the races at my 
school. —David Lopez, Santurce, PR 

A. The circuit shown here will produce 
a positive-going pulse when a loud sound 
(experiment to find out how close to the 
gun you have to be) reaches the speak¬ 
er/microphone. The 500-ohm potenti¬ 
ometer controls sensitivity, while the 
LED acts as the “on” indicator. After 
timing the race, depress the normally 
closed RESET pushbutton to reset the 
SCR (which will remain active since it is 
powered by a dc source). Any silicon 
transistors can be used. 


By Leslie Solomon 
Senior Technical Editor 



Diode Testing 

Q. Other than using a possibly danger¬ 
ous ohmmeter, is there a simple way that 
/ can test conventional diodes?—Paul 
Goodbody, Ogden, UT 

A. The circuit shown here will display 
curves on a scope, contingent on the 
state of the diode. To “calibrate,” sub- 
stititue a 1000-ohm resistor for the 
diode and adjust the scope gains for a 
45-degree line. The other drawings show 
some expected results. Don’t use a high¬ 
er voltage transformer and expect the 
diodes to survive the test. 



Single Step 

Q. Like most readers, I experiment with 
various types of digital logic. What I 
would like is the circuit of a variable 
“clock” with provisions to stop the clock, 
and single step the pulses. This will ena¬ 
ble me to experiment with various clock 
rates, and single-step my way through 
the logic so that I can observe the 
pulses.—James Flynn, TenaHy, NJ 

A. Since you did not specify CMOS or 
TTL, the accompanying circuit will do 
for both. The upper two gates form a 
variable “clock” oscillator, while the 
lower two gates form a simple “one- 
stepper”. If you desire TTL output lev¬ 
els, simply feed the switch output to a 
transistor as shown. 
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of your choice on your favorite 
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favorite magazine! 
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rest. Your picture will be 
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to fit, then printed on sturdy lami¬ 
nated stock to simulate an actual 
cover of the magazine you select. 

With your cover you’ll also 
receive a heavy Lucite® frame 
suitable for wall mounting or dis¬ 


play on your own stand. The origi¬ 
nal print or slide will of course be 
returned. 

Fotozine magazine covers 
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them smile! 
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m!'HM PACKARD 

HP-11C Slim Scientific ... $107.95 
HP-12C Slim Financial . . . . 117.95 

HP-32E Scientific. 42 95 

HP-33C Programmable.68.95 

HP-34C Adv Progrm.114.95 

HP-37E Financial.58.95 

HP-41C Alpha Pi |i 

HP-41CV (Full Memory) ... 237.95 

Card Reader/41.164.95 

Printer/41 . 289 95 

Optical Waod/41 . 92 95 

HP-67 Programmable. 287.95 

HP-97 Desk Program.579.95 

HP-83 Desk Computer.... 1695.00 
HP-85 Desk Computer.... 2495 00 

16K Memory Module. 249 95 

82901M Dual Disk Drive . 1999 00 
82905A Dot Matrix Printer. 749.00 
HP-125 CP/M Computer .. 2985.00 

Call for Low Prices on all Calculator an 
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Computer Accessories 


TEXAS INSTRUMENTS 

TI-35 ... $19.95 TI-59 .. $179.95 TI-99/4A Console $379.95 
TI-55-II... 42.95 PC-100C. 159.95 Speak & Spell.... 59.95 
TI-5BC ... 89,95 LCD Prog 59.95 Business Analyst II 39.95 

Call lor Low Prlcos on all TI-99/4A Accessories 

Sharp PC-1211 Handheld Computer, 1424 Steps $149 95 

v CE-121 Cassette interface. 39 95 

CE-122 Printer/cassette interface. 10995 

Casio FX-602P Slim programmable. 512 steps. 9995 

FX-702P Handheld computer, 1680 steps. 15995 

FA-2 Cassette interface for 602/702 . 44.95 

FP-10 Printer tor 602/702 . 79 95 

VL-1 Musical. 100 note memory.54.95 

MT-31 Compact musical keyboard. 124 * 

MT-40 Compact musical keyboard. 159.95 

W-100 Water sports alarm chrono. 325 feet 34 95 

CA-90 Calculator alarm chrono watch.39.95 

Pearlcorder S202 Microcassette tape recorder 79.96 

S802 Two-speed, two-hour recorder.99.95 

5801 Olympus' smallest, two-hour. 13995 

X-01 New electronic recorder . 199 95 

Olivetti Praxis 35 Electronic portable typewriter 579.95 
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Hardware 


Video Monitor. The ZVM-121 12” 
video monitor has a green screen and 
can be switched to display either a 40- or 
80-character line. It uses an 8 X 10 
character matrix and up to 24 lines may 
be displayed. Controls include power, 

BLACK LEVEL, CONTRAST, HORIZONTAL 

and vertical oscillator adjustment 



including vertical size. Bandwidth is 
greater than 12.5 MHz, and rise-time is 
about 60 ns. Dc-coupled circuits are 
used, refresh rate is 60 Hz, and power 
dissipation is 26 W. It is housed in an 
orchard brown cabinet and compatible 
in style with Apple systems. Address: 
Zenith Data Systems, 1000 Milwaukee 
Ave., Glenview, IL 60025 (Tel: 312- 
391-8181). 

HP Memory. Developed for the HP- 
9845 series, the WMAZ-4 contains 
512K of RAM, and features a hardware 
security system and the ability to add 
ROM modules. Security is provided by 
an electronically embedded code that is 
read by the proprietary program. If the 
code is missing or incorrect, the program 
will not run. This feature is not depen¬ 
dent on the HP SECURE utility which 
prevents the program from being listed. 
$6500. Address: Eventide Clockworks 
Inc., 265 W. 54th St., New York, NY 
10019 (Tel: 212-581-9290). 

Apple I/O Board. The OMNI I/O 
board for the Apple II or II Plus fea¬ 
tures parallel I/O with handshaking, 
RS232 software driven, 24-hour real 
time clock with alarm, and 2K graphic 
I/O driver EPROM. It enables the full 


ASCII character set from the keyboard, 
optional shift key detection, user-defin¬ 
able “soft” keys with screen tables, inte¬ 
grated text line editor with full cursor 
movement and insertion/deletion 
modes, key legend stickers, and a dem¬ 
onstration diskette. Address: Robert 
Smith and Assoc., 433 Metairie Rd., 
Suite 604, Metairie, LA 70005 (Tel: 
504-838-8683). 

SIOO Memory Parity Card. This 
memory parity card contains parity gen¬ 
eration circuity and RAM to store pari¬ 
ty information. Each byte of data writ¬ 
ten into memory is evaluated and a par¬ 
ity bit produced. This bit is written into 
a location in the parity card RAM that 
corresponds to the destination address of 
the data byte. When the data is 
retrieved, parity is again generated and 
compared with the previously saved bit. 
The card does nothing with identical 
parity. A different parity bit halts the 
program. Options include interrupt, 
non-maskable interrupt, infinite wait, 
reset, and force instruction (requires 
phantom line). An on-board hex display 
shows failed memory locations. Full de¬ 
tails available from Echo Communica¬ 
tions Corp., 1708 Stierlin Rd., Moun¬ 
tain View, CA 94043 (Tel: 415-969- 
6086 or 415-969-6090). 

5M Byte TRS-80. The LS525 uses a 
Seagate ST506 5” Winchester, LDOS 
from Logical Systems, a power supply, 
and an LSI500 Series controller. A sep¬ 
arate off-board Host Adaptor allows use 
with almost all CPU and bus types. Up 
to three Winchesters may be added with 
no software modifications. TRS-80 
TRSDOS or NEWDOS will run under 
the LDOS system. It occupies less than 
half a cubic foot of space. $3750. 
Address: Laredo Systems, Inc., 669 Gi- 
raudo Drive, San Jose, CA 95111 (Tel: 
408-629-2283). 

Disk Head Cleaner. Cleaning and 
maintenance of the read-write heads of 
TRS-80 systems are available as 26- 
0407 for the 5 'A” drives, and 26-4909 
for the 8” drives. Each kit contains two 
cleaning diskettes, one bottle of head 
cleaner, and complete instructions. 
$29.95. Address: Radio Shack Comput¬ 
er Centers and stores. 

Apple Lab Package. The Easylab is 
an automation package for the Apple II 
that provides real-time data acquisition, 
experiment control, data analysis, and 
communications with other computers. 
Applications require Applesoft BASIC. 
It is implemented as a superset of Apple 
DOS 3.3. Hardware features include 16 
channels of 12-bit single-ended/differ- 
ential analog input, 12-bit analog out¬ 
put, and 32-bit I/O. The software allows 
access to analog input/output, timing, 
rapid disc storage, recall of data, RS- 
232 or modem communications. Ad¬ 
dress: Synapse Video, Box 962, New 
York, NY 10009 (Tel: 212-860-5776). 


CIRCLE NO. 46 ON FREE INFORMATION CARD 


POPULAR ELECTRONICS 





















computers.. 


Interact RAM. Two pc boards, one car¬ 
rying 16K of RAM and the other a 
small power supply to absorb the addi¬ 
tional RAM can now bring the Interact 
Computer to 32K. The expansion re¬ 
sides within the main housing. This 
expansion gives users direct access to 
over 16K for BASIC programming, plus 
4K for machine-language routines ac¬ 
cessible from BASIC. More than 28K of 
contiguous RAM is available for 8080 
machine-language programs. $226.50. 
Address: Micro Video, Box 7357, 204 E. 
Washington St., Ann Arbor, MI 48107 
(Tel: 313-996-0626). 


Software 


Sort/Merge Package. SORT-X is a 
sort/merge package for the TRSDOS 
2.0 (Mod II) and CP/M 2.2. Features 
include saving up to 90% I/O activity 
and up to 50% disk work storage; 
increased throughput; optimization by 
calculating the sort parameters auto¬ 
matically; high limit on sort keys (set to 
10 now); sort both string, numeric, and 
combinations; and produce accessible 
key files. For example, it is possible to 
sort only the first 10 characters of a 50 
character field. These can be added to 
the data base, and merged with the key 
file created in the last sort session. 
Address: Micro Architect Inc., 96 Do¬ 
than St., Arlington, MA 02174 (Tel: 
617-643-4713). 


Apple Educational. Developed for 
the Apple II, the educational programs 
called Fishing for Homonyms, Word- 
Scramble, Word-Mate, and Preschool 
Fun are available on cassette and (DOS 
3.3) diskettes. Catalog available from 
THESIS, Box 147, Garden City, MI 
48135 (Tel: 313-595-4722). 


Application Developer. The 

FORMULA automatically generates 
program-like modules. For example, the 
report generator utilizes a full-screen 
editor to translate a visual description of 
a report into an operational module. File 
maintenance and data entry routines are 
created from data definitions, and 
menus and job streams are set up by a 
parameter driven procedure. Sophisti¬ 
cated systems can be developed using 
multiple access paths (keys) to data, 
conditional selection, and/or printing 
criteria, and algorithmic calculations. It 
contains an Indexed Sequential Access 
Method for data retrieval and executes 
object code modules. Version .93 is 
available for Z80/8080 systems with 
CP/M. $595. Address: DMA, 545 Fifth 
Ave., Suite 1400, New York, NY 10017 
(Tel: 212- 687-7115). 


Electronic Mail. Designed to run on 
an Apple II or 11+ with 48K, one or 
more disk drives and a Hayes Micro- 
Modem II, the system allows users to 
enter and retrieve messages via the con¬ 
ventional telephone line, using a com¬ 
puter and 10 or 30 cps modem. Each 
new message is “attached” to others in 
the data base. The “tree” structure 
makes it easy to locate specific informa¬ 
tion. Maximum message length is 50 
lines of 80 characters, and up to 320 
messages. The source code is written in 
FORTH. Conference tree system is $95, 
program on 5 'A" diskette is $20. Ad¬ 
dress: Communi-Tree Group, 470 Cas¬ 
tro St., Suite 207-3002, San Francisco, 
CA 94114 (Tel: 415-474-0933). For on¬ 
line demo, call 415-928-0641 or 526- 
7733, type two carriage returns. TRS- 
80 users, type two Enters. 

Color/Pocket Computers. This 16- 
page catalog lists a number of programs 
for the TRS-80 Color Computer and 
TRS-80 and Sharp PC-1211 Pocket 
Computers. Address: ARCsoft Publish¬ 
ers, Box 132PE, Woodsboro, MD 
21798. 


Proofreader. Magic Spell for 6800 or 
6809 systems can proofread text files for 
spelling and typographical errors in just 
a few minutes. A master dictionary file 
is used and displays every word not 
found. The dictionary can be custom¬ 
ized with new words. It will operate with 
16K or less. It is available for Technical 
Systems Consultants MiniFlex, Flex 2, 
and Flex 9 DOS’s, as well as for Percom 
disk systems. $89.29 with source code 
and dictionary on diskette. OS-9 and 
SSB versions are upcoming. Address: 
Star Kits, Box 209, Mt. Kisco, NY 
10549 (Tel: 914-241-0287). Late eve¬ 
ning use modem and LIST 
MAGIC.DAT). 

Business Software. The XtraSoft 
Point of Sale and Inventory Manage¬ 
ment package is designed for the Zenith 
Z89 and allows on-line price, quantity 
and description lookup, and immediate 
sales history and inventory adjustment. 
All functions are menu driven with full- 
page entry, on-screen instructions, full 
error detection and recovery, and a 200 
page manual. It requires the Z89, CP/ 
M or HDOS, Microsoft BASIC, 64K 
RAM, one to three 5" disk drives, and a 
132-column printer. $295 each. Address: 
XtraSoft Inc., Box 91063, Louisville, 
KY 40291 (Tel: 502-499-1533). 


PET Arcade Games. ASTROIDZS 
and MUNCHMAN are available for an 
8K PET/CBM with old or new ROMs. 
ASTROIDZ features an invasion of the 
galaxy and has four levels of play. 
MUNCHMAN is based on the arcade 
game Packman and uses a maze. $9.95 
each. Address: ComputerMat, Box 
1664, Dept. P., Lake Havasu City, AZ 
86403 (Tel: 602-855-3357). 
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ATARI® 400 . $359 

Atari 830 Acoustic Modern.$159 

Atari 825 80 Col Impt.Ptr.$569 

Atari 16K'Ram Mem. Mod.$79 

Atari 410 Prog. Recorder.$69 

Atari 810 Disk Drive.$439 


rassssz" 

HP-85 "~ 
$2495 


Tip-125 I HP-83 

$3089 | $1600 



HP-85 Accessories 

5Vi Dual Master Disk Drive List $2500 .. .$2025 
5'A Single Master Disk Drive List $1500 .. .$1275 
HP-85 Application pacs standard List $95 .. $85 
Serial (RS232C) Interface Mod. List $395 ... $355 
GPIO Interface Module List $495 .$389 



■41CVwith five times 
more memory 

built in. 

List $325 

$249 

HP-41C 

List $250 


$189 


HP-41CV Printer List $385 

HP-41 CV Quad Mem. 

HP-41CV CdrdReader .. , 

HP-12C. 

HP-11C. 

HP-33C. 

HP-34C. 


$289 OO 

.S83.95 

,... $167.95 
.. $127.00 
...$115.00 

.$74.95 

....$117.95 
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By Forrest M. Mims 


A Programmable Function Generator 


S OMETIMES, when experimenting, I require waveforms 
other than the simple square, sine and triangle waves pro¬ 
vided by most commercial function generators. Unusual or 
complex waveforms are needed for electronic music applica¬ 
tions, sound effects generators, simulations of mathematical 
functions and imitating the unique signals or signatures emit¬ 
ted by natural phenomena such as the human heart beat, 
nerve impulses and earthquakes. Another important applica¬ 
tion for specialized waveforms is the testing of electronic cir¬ 
cuits. I’ve often used hastily breadboarded waveform genera¬ 
tors to provide unusual transmitter signals in experimental 
fiber-optic lightwave communication systems. 

Figure 1 is a block diagram of a programmable function 
generator which will produce customized, stepped waveforms. 



\ZOLTAd£S 


Fig. 1. Block diagram of a basic 
programmable function generator. 


In operation, a variable frequency clock continuously sends 
pulses to a counter. The binary output from the counter is 
decoded into 1-of-n outputs by a decoder. In other words, for 
each state of the counter, one and only one output from the 
decoder is active. 

The decoder outputs are connected to individual switches, 
each capable of applying a preselected voltage to a common 
OR-wired output. As the decoder sequentially actuates the 
switches, a stepped waveform appears at the output. 

A Four-Step Programmable Waveform Generator. 

Figure 2 shows a practical four-step version of the block dia¬ 
gram in Fig. 1. The clock is designed around a 7555, the 
CMOS version of the 555 timer chip. The output from the 
clock is fed directly into the clock input of a CMOS 4017, a 
decade counter with a built-in l-of-10 decoder. Nine of the 
ten outputs of the 4017 are normally low while the selected 
output is always high. 

The four lowest-order decoded outputs from the 4017 are 
connected to the control inputs of each of the four analog 
switches in a CMOS 4066. The analog inputs of each switch 
are connected to the wipers of miniature 10-kilohm trimmer 
resistors which serve as adjustable voltage dividers. 

In operation, the first four decoded outputs from the 4017 
sequentially actuate each of the analog switches. The voltages 
appearing at the inputs of each switch are then placed one at a 
time on the common, OR-wired bus which connects the out¬ 
puts of the four switches. Then, for the next six clock cycles, 
the output assumes the high-impedance (open) state. The pat¬ 
tern then repeats, providing a repetitive waveform with a 
80 


width of four clock cycles separated by intervals of six clock 
cycles. 

Figure 3 shows a typical programmed stepped waveform 
produced by the circuit in Fig. 2. Simply by changing the 
adjustment of any or all the trimmer resistors ( R1-R4 ), the 
waveform can be altered in any desired fashion. Tt • period of 
the waveform, hence the duration of each step, controlled 
by the clock rate. 

Since the 4017 incorporates a reset input (pin 15), the dead 
space between the stepped waveforms can be reduced in incre¬ 
ments of one clock cycle or eliminated entirely. This is easily 
accomplished by connecting one of the six unused decoder 
outputs to the reset input. 

If, for example, the fifth output (pin 10) is connected to the 
reset input, all the dead space will be eliminated and the 
stepped waveform will recycle immediately after the fourth 
step. A typical waveform recycled in this fashion is shown in 
Fig. 4. 

An important operating feature of this circuit is that any 
desired stepped waveform can be preprogrammed without 
viewing the actual waveform on an oscilloscope screen. All 
that’s necessary is to adjust each trimmer resistor while mon¬ 
itoring the resulting voltage at the trimmer’s rotor. 

A Programmable Tone Generator. Among the many 
applications for this function generator is the generation of 
repetitive sequences of programmable tones. This is readily 
accomplished by connecting a voltage controlled oscillator 
(vco) like that shown in Fig. 5 to the generator’s output, 
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Fig. 3. Typical programmed waveform. 


Fig. 4. Standard compressed four-step waveform. 


The circuit in Fig. 5 is a straightforward astable multivibra¬ 
tor designed around a CMOS 7555 timer. Normally the 7555 
oscillates at a fixed frequency determined by R1 and Cl. 
Variations in the voltage applied to the control voltage input, 
however, alter the output frequency. 

Incidentally, note that Fig. 5 specifies that either the 7555 
or the standard 555 can be used in the vco circuit. The 555 
produces slightly more volume from the small speaker, but the 
7555 has substantially reduced power consumption and a 
higher operating frequency. 

A wide range of unique, attention-getting tone sequences 
can be programmed with the trimmer resistors. Simulated 
chirps, stepped tones and sirens are some of the sound 
sequences I’ve obtained while experimenting with a bread¬ 
board version of the circuit. 

For best results, slow the function generator’s clock rate to 
a few tens of hertz by increasing the value of Cl in Fig. 2 to 
several microfarads. There’s no need to remove the existing 
capacitor. Just connect the new, larger capacitor directly 
across the leads of the original capacitor. 

If you’re using an oscilloscope to program waveforms, you’ll 
need to keep the clock rate high to effectively monitor the 
waveform. After you program the desired waveform, you can 
add the new capacitor to slow down the repetition rate. If you 
build a permanent version of the circuit, add a switch to allow 
you to increase or decrease Cl at will. 

Expanding the Function Generator. The basic function 
generator in Fig. 2 can be easily expanded to provide four or 
six additional output steps per waveform cycle by adding, 
respectively, one or two 4066 analog switches and their 
respective trimmer resistors. The switches are actuated by the 
unused decoded outputs of the 4017. 

Figure 6 is the complete circuit diagram of the fully 
expanded circuit with ten stepped outputs. Despite its appar¬ 
ent complexity, this circuit can be assembled on a solderless 
breadboard in about fifteen minutes once you’ve assembled 
the necessary components and connection wires. 

For best results, try to arrange the trimmer resistors in two 
rows of five each on one side of the board. Also, push the 
connection wires between the trimmers so they do not pro¬ 
trude above the board. These steps will simplify the program¬ 
ming procedure and encourage you to experiment with the 
circuit. 

Since the 4017 has a carry output (pin 12), expanding the 
function generator to twenty or more stepped outputs is a 
straightforward procedure. All that’s necessary is to connect 
the carry output of the first 4017 to the clock input of the 
second 4017. A twenty-step waveform would require two 
4017’s, five 4066’s and twenty trimmer resistors. 

A Programmable Waveform Control Panel. If you 

build a permanent version of this circuit, consider installing 
the trimmer resistors on a control panel. For best results, use 
linear slide potentiometers instead of rotary action trimmers. 
By installing the slide pots side-by-side, the positions of their 


control handles will enable you to visualize the approximate 
shape of the programmed waveform. In addition, you will be 
able to make virtually instantaneous changes even in very 
complex waveforms. 

Reader’s Letters. J.S. Soule of North Vancouver, British 
Columbia has written “Could you write an “Experimenter’s 
Corner” concerning infrared detectors, especially using them 
to detect body heat from a distance of up to twenty feet?” I’ve 
long been fascinated by the detection of infrared radiation 
and will definitely plan a column on the topic. There are sev¬ 
eral ways to detect infrared, some very expensive and others 
very simple. I’ll try to cover them all. 

The “Project of the Month” column for May 1981 
described a model-railroad crossing light made from inte¬ 
grated circuits, two phototransistors and a dc light source. 
Model-railroad enthusiast Temple Nieter of Evanston, IL 
writes: “Good circuit for model-railroad crossing flasher but 
sensors should be well out from the roadway ... to allow time 
for flasher to give early warning. This offsets the turn-off, too, 
making it too long after train has cleared the road. Seems a 
second set of sensors is needed, gated to work in far/near sep¬ 
arate pairs. Maybe one should revert to ancient relay systems 
to get early flash, immediate off in either direction.” 



I like Temp’s first suggestion. If time permits. I’ll try to 
design an early-on/immediate-off flasher system for a future 
column. Instead of relays. I’ll stay with phototransistors. 

Jim Kreter of Augusta, GA writes “I am interested in 
experimenting with underwater voice communication sys¬ 
tems, but I am having difficulty in locating information 
sources. I would greatly appreciate any help that you or your 
readers could render.” 

I’ve informed Jim about my only experience in underwater 
voice communications. As a senior in high school, I used a 
crystal microphone and a transistor amplifier to speak to a 
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friend at the surface while I descended to the bottom of a 
swimming pool. This arrangement actually worked, though 
the voice was garbled by bubbles. 

Those of you who wish to pursue this topic please forward 


your suggestions to this column and I’ll cover them at a later 
date. In the meantime, readers who experiment with under¬ 
water communication should always use battery-powered, 
low-voltage electronics. 0 



Buy Wholesale Direct 
And Save $$$! 


Floppy Discs Box of 10 

Memorex: (For 3M brand, add $4/box) 
DENSITY SIDE 5V." 

Single Single $24.95 

Double Single 29.95 

Double Double 34.95 


$34.95 

42.95 

49.95 


Printer Ribbons 


Epson MX70, 80: 

Epson MX100: 

Qume Multistrike 
Centronics Zip Pack 
Diablo Hy Type II 
‘Other Printer Ribbons 


$12 each, 3/$33 
$22.95 each, 3/$64 
$3.50 each, 12/$34 
$4 each, 12/$36 
$5 each,12/$48 
Available 


Printer Paper 

**9’/2" x 11", 15# White, 1500/cs: $16.95 
**§Vr* x 11", 20# White, 1000/cs: $14.95 

Storage Systems 

Clear Vinyl Binder Sheets (holds 20 minis): 10/$6.95 
Amber Flip Sort (holds 60 discs): $24.95 


Coast Computer Supplies 

4 RODGERS STREET / SAN FRANCISCO, CA 94103 
JUST ONE CALL, WE STOCK IT ALL! 

CALL 800-227-3296 or IN CALIFORNIA, 415-864-0344 

Californians Add 6% Sales Tax; Personal checks accepted on a mail order 
basis only; MasterCard/Visa or C.O.D.; $2 Shipping/Handling on ALL Orders 
"Additional UPS Charges on Paper 
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English Broadcasts Audible in Mo. America 


by Glenn Hauser 



MFJ 

SHORTWAVE 

ACCESSORIES 

NEW Indoor Tuned Active 
Antenna. Rivals, can even 
exceed reception of out- 


"\ 



Gain, On-Off/Bypass. LED. FET, bipolar circuitry. 
Phono jack for external ant. 6x2x6 inches. 
9-12 VDC or 9 V battery for portable use. 
110 VAC with optional AC adapter, $9.95. 
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MFJ-1040 RECEIVER PRESELECTOR. Improves 
weak signal reception, rejects out-of-band sig¬ 
nals, reduces image response, 1.8 to 54 MHz. 
Up to 20 db gain. Low noise MOSFET. Gain 
control. Bandswitch. Can use 2 ant., 2 rcvrs. 



BILE SWL CONVERTERS to hear the short- 
4 #orld while you drive. MFJ-304 ($69.95) 
covers 19, 25, 31, 49 meter bands. MFJ-308 
($89.95) adds 13, 16, 41, 60 meters. Two 
dual-gate MOSFETS give excellent sensitivity, 
selectivity with car receiver. Push button band 
selector. Tune with car radio. Plugs between 
antenna and radio. 12 VDC. 304 is 5V4XlV4x4". 


MFJ-10, 3 foot coax with ci 


i try it. If not delighted, 


Charge VISA, MC. 0 
Add $4.00 each for 


MFJ 


ENTERPRISES, 

INCORPORATED 

VjBox 494, Mississippi State, MS 39762 
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SAVE! 

MONEY • TIME • FREIGHT 


l- SAVE ON NAME BRANDS LIKE: 


PIONEER 

KENWOOD 

MARANTZ 

TECHNICS 


TEAC 

SANSUI 

SONY 


AND MORE THAN 50 OTHERS 
BUY THE MODERN WAY 
BY MAIL-FROM 

BQ. 

BANK CARDS ACCEPTED 
12 East Delaware 
Chicago, Illinois 60611 

312 664 0020 A 

800-621-8042 A 
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SEE YOUR DEALER TODAY 


DEMAND THE ORIGINAL 

‘Firestilf* 

The #1 Helically Wire-Wound and 
Most Copied Antenna In the World! 
27MHz AM/FM/SSB CB 

2 METER • MARINE TELEPHONE 
LAND MOBILE TELEPHONE 

FIBERGLASS ANTENNAS 
AND ACCESSORIES. 


NEW 

CORDLESS 

TELEPHONE 

ANTENNA 

INCREASES DISTANCE 
5 TO 20 TIMES 
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Serving the CB and 


5-YEAR REPLACEMENT WARRANTY 
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CLIP AND MAIL COUPON TODAY TO: 

POLY PAKS, INC. 


P.O. BOX 942, PO-1 

^S. LYNNFIELD, MA. 01 940 (617) 245- 382 
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Astronomy, Microscopy, Biofeedback, 
Weather, Alternate Energy, Binoculars, 
Optics, Magnets, Magnifiers, Tools, 
Unique Lighting, Lab Equipment, and 
much more. Over 4,000 unique and 
fascinating products. Send for our 
FREE, colorful 1982 Edmund Scientific 
Catalog.. .Today! 


Rush me your free catalog! 




City 


Clip And Mail Coupon Today To: 

Edmund Scientific Co., Dept. 8211 AV02 
Edscorp Bldg., Barrington, N.J. 08007 
No. 3455 *1982 Edmund Scientific Co. 
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By Forrest M. Mims 

A Sound-Effects Generator 


O NE WAY to produce attention- 
getting sound effects is to control 
the frequency of an oscillator by 
means of periodic impulses from a 
second oscillator. This is an ideal role 
for a pair of 555 timers operated in 
their astable (free-running) mode. 

Figure 1 shows how two 555’s are 
connected to provide sound effects. 
The first 555 (/C7) is connected as an 
oscillator with an adjustable period of 
a few tens of hertz or less. The second 
555 (/C2) is connected as a voltage- 
controlled oscillator (vco) with an ad¬ 
justable frequency of a few hundred 
to a few thousand hertz. 

Capacitor C2 is the key to the 
unique sounds produced by the cir¬ 
cuit, so let’s assume for a moment that 
C2 is not present. Then IC2 will oscil¬ 
late at a fixed frequency determined 
by the voltage at pin 3 of IC1. Nega¬ 
tive going 10-millisecond pulses from 
IC1 will produce brief, click-like in¬ 
terruptions or changes in IC2' s fre¬ 
quency of oscillation. 

Now let’s return C2 to the circuit. 
During intervals between negative go¬ 
ing pulses from IC1, C2 charges 
through R3 to the voltage at pin 3 of 
IC1. The relatively slow charging rate 
of C2 produces a gradual decrease in 
IC2's oscillation frequency. When 
IC1 switches, C2 is immediately dis¬ 
charged and the frequency of IC2 is 
suddenly increased. Capacitor C2 
then begins to recharge, as shown in 
the oscillogram in Fig. 2, and the 
cycle repeats. The resulting sounds 
from the speaker are far more inter¬ 
esting than the rather boring inter¬ 
rupted tone sequence produced when 
C2 is not present. 

For best results, use potentiometers 
with knobs for R1 and R5. This will 

+ 9VDC 


enable you to quickly change the cir¬ 
cuit’s cycle rate (via Rl) and its tone 
frequency (via R5). A faster cycle 
rate resembles the sound of a chirping 
bird. A slower one makes a good 
warning alarm. 

Be sure to experiment with the val¬ 
ues of R3 and C2. Increasing C2 
stretches the time required for IC2's 
tone to fall from its highest to its low¬ 
est frequency. Increasing R3 has a 
similar effect. If the values for C2 or 
R3 are too high, C2 will not fully 
charge during each cycle, thus reduc¬ 
ing the dynamic range of the circuit’s 
tone frequency. 

Incidentally, note that Fig. 1 speci¬ 
fies either a 7555 or 555 for IC1 and 
IC2. The 7555 is the CMOS counter¬ 
part of the 555. It consumes much less 
power and can operate from a lower 
voltage (less than 3 volts) than the 
standard 555. It also has a higher 
oscillation frequency. 

I’ll have more to say about this 
important new chip in future columns. 
In the meantime, this project is an 
excellent way to become acquainted 
with either the 555 or the 7555. 0 




Fig. 2. Oscillogram 
showing effect of 
charge on C2 on 
the output of 1C 1. 


Fig. 1. Sound-effects 
generator circuit. 
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Bi-Fet OP AMPS 

TL061CP Low Power 


TL495CN Switch Vl 
TL497ACN Switch Volt. Reg. 500rrV 
TL430CLP Adj. Shunt Volt Reg 
TL431CLP Adj. Pos. Volt. Reg. 

VOLTAGE REGULATORS 

POSITIVE 

78XXUC 1 AMPTO-220 Package 
78XXKC1 AMP TO-3 Package 
78LXXAWC 100 MA T0-92 Packa 

NEGATIVE 


79XXKC1 AMP TO 3 Package 


CMOS 





. PATTERN. 

45P40ELDP Epoxy |as|composite, 
P Epox^ glass composite. 

64P44-062XXXPDP Phenolic, 4.5" 


170H48VVEDFM^t glass, 
“G” PATTERN 


85G24ELDP Epoxy q i t 


42G22WEC1 DP 4 
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★ ★ ★ MEMORY SPECIALS ★ ★ ★ 

ONE TIME PRICES ONLY - 


STATIC RAM S 

2101- 35 (350NS) (256x4) IK 

2102- 25 (250NS) (1K x 1) 1K 

P2111-45 (450NS) (256x4) IK 
P2112-35 (350NS) (256 x 4) 1K 


C2708-45 (450NS) (1K x 8) $ 

C2716 (Intel Pin 6ut) $ 

(450NS) (16K) Single 5V Supply 
C2716/TMS2516(T I Pin Out) $ 

(450NS) (16K) Single 5V Supply 
TMS2532 (TI Pin Out) (450NS) $i 

(4096 x 8) 32K 

C2732 (Intel Pin Out) (450NS) $1 

TMS2564 (T I Pin Out) (450NS) $5 

(8K x 8) 64K 

swar 

<». S tSK™«?ISTERS 

3341APC FIFO IMHz 

3342PC 64 bit $3.95 

3347PC 80 bit $3.45 

Microprocessor Chip Sets 

6800 6500 

FAMILY FAMILY 

6800 CPU 5.65 6502 CPU 6.95 
■6* 6504 CPU 7.45 
6505 CPU 7.45 
6520 5.45 

65 6522 7.85 

6532 10.85 

6551 11.65 


$50 receive 

free - MOS Memory Data Book 

DYNAMIC RAM S 

P4060-30 (300NS) (4K X 1) $2.65 

4K MOS Dynamic Ram 22 PIN 
P4116-20(200NS)(16Kx 1) $2.40 

16K MOS Dynamic Ram 16 PIN 
C4164-15 (150NS) (64K X 1) $24.00 

64K MOS Dynamic Ram 16 PIN 


PROM’S 

74S188N 32x8 161 

74S288N 32x8 161 

93417/82S126 256x4 161 

93427/82S129 256x4 16 f 

93436/7620 512x4 16 f 

93446/7621 512x4 16 F 

93448/7641 512x8 24 F 

93453/7643 1024 x 4 18 F 

93451/82S181 1024x8 24 F 

82S185/7128 2048x4 18 F 

82S191/7138 2048x8 24 F 


Z80 FAMILY 


6808 CPU 

6809 CPU 19 

6810 


8080 
FAMILY 

8035 CPU 7.25 8224 
803? CPU 7.95 8226 


Z80-CPU 

Z80A-CPU 

Z80-PI0 

Z80-CTC 

' 

Z80-0MA 


8080A CPU 4 
8085 CPU " 
8155 
8748 
8755 
8212 
8214 
8216 


95 8228 
'■95 8251 
9.00 8253 

6.00 8255 
12.00 8257 
2-25 8259 
4.25 8279 


SCR’S and TRIAC’S 


TIC116D SCR 8 amp 400V T0-220 
TIC126B SCR 12 amp 200V T0-220 
TIC1260 SCR 12 amp 400V T0-220 
TIC216B Triac 6 amp 200V TO-220 


OPTOELECTRONICS 


LED 209 T 13mm Red 


LED 220 T-1 3/4 5mm Red 
LED 222 T-1 3/4 5mmGree 


MAN 72A / DL 707 


Volts Part No. 

200 W02M 

400 W04M 

600 W06M 

800 W08M 

1000 W10M 


DUAL-IN-LINE LOW PROFILE 
I.C. SOCKETS 
CONTACTS PRICE CONTACTS 


TRANSISTOR SPECIALS 

2N404A 1.48 2N3055 .85 

2N2222A .24 2N3904 .15 

2N2907A .15 2N3906 .15 


For every $100 order we 
will send you at no extra 
charge - 4 data books 
valued at $25.00 - MOS 
Memory Data book. Opto 
Selection Guide, 
Unitrode Data book, JFet 
Applications and Specs. 
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Electrician 



MAKE MORE MONEY! Check 

out Electrician’s wages 
against the kind of money 
you make now! 

Even before you’re ready to go after a full-time job as an 
electrician, you could be making extra money doing odd jobs 
for friends and neighbors. And think of the money you’ll be 
able to save doing your own electrical work. Learn to specify 



NO NEED TO QUIT YOUR JOB OR REGULAR SCHOOL 

Everything explained in easy-to-understand language 
4T~ with plenty of drawings, diagrams and photos. Tools, 

f sppROYtO \ materials, test equipment included with course. You leam 
! I at your own pace. No time wasted traveling to class. 

V ETt y Teachers are as close as your telephone. No charge! 

Use our toll-free 24-hour home-study hotline as 
ou enroll. MAIL COUPON TODAY! 



Put Professional Knowledge and a 

COLLEGE DEGREE 

in your Electronics Career through 

HOME 
STUDY 



Earn Your fj - f 

DEGREE 


No commuting to class. Study at your 
own pace, while continuing your present 
job. Learn from easy-to-understand les¬ 
sons, with help from your home-study 
instructors whenever you need it. 

In the Grantham electronics program, 
you first earn your A.S.E.T. degree, and 
then your B.S.E.T. These degrees are ac¬ 
credited by the Accrediting Commission 
of the National Home Study Council. 

Our free bulletin gives full details of 
the home-study program, the degrees 
awarded, and the requirements for each 
degree. Write for Bulletin ET-82. 
Grantham College of Engineering 
2500 So. LaCienega Blvd. 

Los Angeles, California 90034 


camputique camputique camputique 


Texas Instruments 


ie NEW Tl LOGO 


I PACKARD 

THE HP-85! 



TI-5130 Print/Disp 
TI-5142 Print/Disp 
Speak & Spell. Read 
Speak & Math . 


59*95 Tl-Programmer 


COMPLETE ENHANCEMENTS. PERIPHERALS AND 
ACCESSORIES 

HP-67/97 . CALL HP-12C NEW Bus. CALL 


CASIO 


129.95 

34.95 


TALKING CLOCK .. 


EL-6200 DIG EXEC SEC .. 


Also SHARP, CANON, TOSHIBA, MATTEL, 
PEARLCORDER, PULSE, TACH, GTE, CODE-A- 
PHONE, RECORD A CALL, ITT, OLYMPIA, BSR, 
SEIKO, PHONE CONTROLLER, MURAPHONE, 
AND MANY OTHERS, ALL AT GREAT PRICES! 



PROFESSIONAL DISCOUNTS 


:E INFORMATION CARD 


eLQCTlOIICS 

LIBRARY 

BASIC Computer Programs 
for Business, Vol. 1 

by Charles D. Sternberg 
Here is another book about BASIC, but 
it’s written for those who already have 
some familiarity with the language. The 
book contains 35 BASIC programs for 
small-business applications, e.g., bud¬ 
gets, depreciation, cash flow, job rout¬ 
ing, production scheduling, etc. Each 
program is documented with a descrip¬ 
tion of its functions and operation, a list¬ 
ing in BASIC, a symbol table, and sam¬ 
ple data. 

Published by Hayden Book Co., Inc., 
Rochelle Park, NJ. Soft cover. 264 
pages. $9.95. 

Scientific Analysis for 
Programmable Calculators 

by H R. Meek 
If your calculator is programmable and 
has an algebraic operating system, this 
book could prove a valuable guide for 
working moderately complicated prob¬ 
lems that are often assigned to a larger 
computer. Written with the engineer in 
mind, the programming topics include 
differential equations, numerical inte¬ 
gration, evaluation of roots, and calcula¬ 
tion of transcendental functions. Rep¬ 
resentative examples are provided 
throughout. The author claims that his 
methods can also be made to work for 
RPN calculators, e.g., Hewlett-Pack¬ 
ard; but the problems would become 
more difficult. If you wish to use this 
book as a how-to reference, you are best 
off with a TI-58 or something similar. 
Published by Prentice-Hall, Inc., Engle¬ 
wood Cliffs. NJ 07632. Soft cover. 174 
pages. $7.95. 

Optoelectronics 

by Robert G. Seippel 
This reference/handbook will introduce 
you to the devices and systems of fiber 
optics, lasers, optoelectronic displays, 
and photodetectors. The book begins 
with a review of the underpinnings of 
optical theory and its application to elec¬ 
tronics, i.e., electromagnetic theory, the 
photoelectric effect, internal reflection 
of light rays, etc. Subsequent chapters 
cover applications, circuit design, and 
troubleshooting. The approach here is 
more hands-on than theoretical. One 
chapter is devoted to safety in optoelec¬ 
tronics; another to preparing optical fi¬ 
bers for splicing and coupling. The 
range of applications spans the simple 
(LED displays) to the complex (inter¬ 
facing data processing equipment). 
Published by Reston Publishing Com¬ 
pany, Reston, VA 22090. Hard cover. 

I 354 pages. $21.95 

POPULAR ELECTRONICS 
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QUALITY 


wot- E x • aavid> • e F. J< SERVICE - Computerized order processing and inventory control. as 'nstruments • itt • a p products 
V° ,ume Dlscounts * OEM Quantity Pricing • Toll Free 800 Number c h^?cals'^ G r^eV 


800 - 346-5144 
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16K Memory 

ALL MERCHANDISE 100% GUARANTEED! 


8/15.95 


CALL US FOR VOLUME QUOTES 

JDR MICRODEVICES. INC IS PROUD TO 
ANNOUNCE THE OPENING OF OUR 
NEW RETAIL SHOWROOM 

BAY AREA RESIDENTS 
STOP BY 1224 BASCOM AVE. 



JDR MICRODEVICES, INC. 
^ 1224 So. Bascom Ave. 

San Jose ’ CA 95128 

v oG® 800-538-5000 • 800-662-6279 (CA) 
(408) 995-5430 • Telex 171-110 


EE INFORMATION CARD 


POPULAR ELECTRONICS 











































There’s No Place Like The Parts Place® 

No Waiting! No Minimum Order! Low Prices! 

A/D Converters 

(MM ® 4 49 

® 259 


Schottky 1C Sale! 

Save to p 33% 


59 * 




Description 

Type 

Cat. No. 

Reg. 

SALE 

Quad 2-Input NAND Gate 

74LS00 

276-1900 

.79 

.59 

Quad 2-Input NOR Gate 

74LS02 

276-1902 

.79 

.59 

Hex Inverter 

74LS04 

276-1904 

.79 

.59 

Quad 2-Input AND Gate 

74LS08 

276-1908 

.79 

.59 

Quad 2-Input OR Gate 

74LS32 

276-1915 

.89 

.69 

Dual D Flip Flop 

74LS74 

276-1919 

.79 

.59 

4-Bit Bistable Latch 

74LS75 

276-1920 


.79 

Decade Counter 

74LS90 

276-1923 

109 

.89 

Retrig. Monostable Multivibrator 

74LS123 

273-1926 

1.49 

1.19 

1 of 8 Decoder/Demultiplexer 

74LS138 

276-1939 

1.19 

.99 

4-Binary Counter 

74LS161 

276-1931 

1.39 

1.09 

8-Bit Shift Register 

74LS164 

276-1932 

1.39 

1.09 

Quad D Flip Flop 

74LS175 

276-1934 

1.19 

.99 

Up/Down Binary Counter 

74LS193 

276-1936 

1.49 

1.19 

Octal Inverting Bus/Line Driver 

74LS240 

276-1940 

1.99 

1.49 

Octal 3-State Non-lnv. Driver 

74LS244 

276-1941 

1.99 

1.49 

Octal Non-lnv. Bus Transceiver 

74LS245 

276-1942 

2.99 

1.99 

Hex Buffer (3-State) 

74LS367 

276-1835 

1.29 

.99 

Octal D Latch, Fall Through 

74LS373 

276-1943 

2.39 

1.59 

Octal D Flip Flop (Edge Trig) 

74LS374 

276-1944 

2.39 

1.59 


Microwave Transistor 


>/ 


MRF-901. NPN for small-signal RF 
use to beyond 2 GHz! Manufac¬ 
turer's prime. Why pay more? 

276-2044 .2.99 


Miniature DC Motors 

NEW! 

Only 99^ 


Great for models, solar projects. 
Operate from IV2-6VDC. Include 
gear. 273-219 Pkg. of 2/99c 


Mini Reed Switches 
-|98 


SPST. Contacts rated 500 mil- 
liamps at 125VAC. Close when 
magnetic field is present. 

275-1610 Pkg. of 10/1.98 


Jumper Cable Sets 

® r 


«3' 

Insulated Clip at Each End 


278-1156 

278-1157 

278-002 


Pushbutton Binding 
Posts 

NEW! 

139 

Pkg. of 2 I 

One red, one black. Accept up to 
14-gauge wire. Require W mount¬ 
ing holes. 274-660 .1.39 


Included 

S TL507. Analog to digital. 8-pin 

DIP. 276-1789 . 2.59 

E DAC801. Digital to analog. Low 
power consumption, 16-pin DIP. 

276-1791 .4.49 


Panel Meter Sale 

r—^Save 

EEj 3 . 

68 . 


Type 

Cat. No. 

0-50 Microamperes DC 
0-1 Milliamperes DC 

0-15 Volts DC 

270-1751 

270-1752 

270-1754 


Piezo Buzzer 


Loud 4.8 kHz signal. Ideal for bat¬ 
tery circuits—draws just 12 mA at 
9VDC. 1%x%" With leads. 

273-060 2.99 


DPST Reed Relay 

NEW! 

99 * 

5VDC, 180-ohm coil. Contacts 
rated 0.5 amps at 120VAC. 

275-228 99C 


LCD Alarm Clock Module 

Quartz Controlled 

19 95 


RF Chokes 


100 kQ Joystick 

For Video Games, 
RC Vehicles and 
Microcomputers 

Two linear taper 
controls with one 
removable 1"- 
long shaft. 

271-1705 4.95 



89 * 


• Easy-to-Read Display 

• Reads Time/Day/Date 

• 12 or 24-Hour Format 

PCIM-161. Just add a battery, three switches and a buzzer (#273- 
064), make a few easy solder connections and you have a com¬ 
plete digital alarm clock! The W'-tall liquid crystal display has a 
built-in backlight, plus PM, alarm-set and snooze indicators. 
Approximately %x1 Vixy-ie''—mount it anywhere! 277-1005 ... 19.95 


Semiconductor 
Reference Guide 


Rocker Switches 


1 


Contacts rated 6A 
at 125VAC. Require 
%’ mounting holes. 

SPST. 275-690 1.89 
0PDT. 275-691 2.49 


Slope-Front Cabinet 

- NEW! 

k 4 95 

Non-Slip 

™ Rubber Feet 

Ideal for test equipment, audio mix¬ 
ers, control panels. Steel. 5%x4'/ex 
W Jront), 2%" (rear). 


PC Board Holder 

J 5* NEW! 

: 


C95 Completely 
U Adjustable 



Frees both hands 
for easier building 
and repair. 

276-1568 6.9! 


A workbench "must"! Pin outs and 
detailed data on Radio Shack ICs, 
SCRs, diodes, opto devices and 
more. Plus over 82,000 cross 
reference/substitution listings. 264 
pages. 276-4005 . 2.99 


Radio /hack 


r 6 COUNTRIES 






























































OPGR^mOM 

ASSIST 

might be able to assist Simply send a postcard to Opera¬ 
tion Assist. Popular Electronics, 1 Park Ave . New York. 





100-4050 oscilloscope. Need schemat- 


Vu-Data Model PS-940 oscilloscope. Need service manual 



Precision Model #10-54 tube tester. Need schematic, oper- 


Honeywell Arkla Servel 



Lafayette Model LA-224T amplifier. Need schematic. Erique 
M. Senra, 740 E. 11th PI, Hialeah. FL 33010. 


Need schematic. Dale L. Sherwood, 1635 Park Towne Lane, 


A/FM phonograph. Need 



uuc/l_ 

^■^K^FLErTRONIC^^^ WiM CallS: 2322 WalSh Ave ' 

ELECTRONICS (408) 988-1640 

Same day shipment. First line parts only. Factory tested. Guaranteed 
money back. Quality IC's and other components at factory prices. 

INTEGRATED CIRCUITS Phone orders only (800) 538-8196 

—I 


FULL LINE ALL PARTS & COMPUTER PRODUCTS 


11 


p X 


r ■ m 


yii 


Linear CMOS and 7400 
complete lines in stock. 
Send for catalog. 


8-4116 RAM 200ns 8 


Modem Kit $60.00 

State of the art, orig., answer. No tuning neces¬ 
sary. 103 compatible 300 baud. Inexpensive 
acoustic coupler plans included. Bd. Only 
$17.00. Article in June Radio Electronics. 

Z80 Microcomputer 

16 bit I/O, 2 MHz clock, 2K RAM, ROM Bread¬ 
board space. Excellent for control. Bare Board 
$28.60. Full Kit $99.00. Monitor $20.00. Power 
Supply Kit $35.00. Tiny Basic $30.00 


$9.95 


Video Modulator Kit 

Convert TV set into a h 
affecting usage. Comp. 

Multi-volt Computer Power Supply 
8v 5 amp, ±18v .5 amp, 5v 1.5 amp, -5v 
.5 amp, 12v .5 amp, — 12v option. ±5v, ±12v 
are regulated. Basic Kit $35.95. Kit with chassis 
and all hardware $51.95. Add $4.00 shipping. 

60 Hz Crystal Time Base Kit $4.40 



RCA Cosmac 1802 Super Elf Computer Kit $106.95 

The Quest Super Elf is the right choice for 
the person who has a need to learn more 
about computers, from an understanding 
of the hardware and how it goes together 
to beginning programming with machine 
language on up through basic. 

Tremendous Value 
The Super Elf is a tremendous value as it 
combines video, digital displays, LED dis¬ 
plays, and music, all on a single board for 
$106.95. Its unique ability for single step 
debugging, display of state and mode of 
the computer and display of addressing as 
an inexpensive option gives it an "easy to 
use" capability not available anywhere at 
the price. 

Inexpensive Expansion 

The Super Elf expansion capability is 
virtually unlimited and you can do it inex¬ 
pensively one step at a time. Expansion 
includes cassette interface, additional 
memory, color video, Basic, ASCII key¬ 
board, printer, floppy, S-100 bus, RS232, 


Strong Software Support 

The Super Elf comes complete with power 
supply and detailed 127 page instruction 
manual which includes over 40 pages of 


software, including a series of lessons to 
help get you started and a music program 
and graphics target game. Many schools 
and universities are using the Super Elf as 
a course of study. OEM's use it for training 
and R&D. A monthly newsletter, Quest- 
data is devoted exclusively to software for 
the Super Elf and there are many software 
books available at low cost. You can do a 
tremendous amount with the software 
available and there is more coming every 
day. Of course, you can do your own 
programming which is fun and very 
rewarding. 

Free 14 Page Brochure 

Send or call for a free brochure on all 
details and pricing of the Super Elf and its 
expansion. We will get it right out to you! 


Rockwell AIM 65 Computer I Elf II Adapter Kit $24.95 

6502 based single board with full ASCII keyboard 1 ■ ■ 

and 20 column thermal printer. 20 char, alphanu- I PROM Eraser 

meric display ROM monitor;, fully expandable. ■ assembled. 25 PROM capacity $37.50 

$419.00. 4K version $449.00 . 4K Assembler ■ (with timer $69.50). 6 PROM capacity OSHA 

$3500, 8K Basic Interpreter $89.00. I UL version $78.50 (with timer $108.50). 


TERMS: $5.00 min. order U.S. Funds. Calif, residents add L 

$10.00 min. VISA and MasterCard accepted. $1.00 insurance optional. 
Shipping: Add 5%: orders under $25.00—10%. 


CIRCLE NO. 39 ON FREE INFORMATION CARD 
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Computer Mart 


RATE: Ads are 2" by 3". 1 insertion: $550.00.6 insertions. $525.00 ea. 12 insertions, $500.00 ea. Closing 
date: 1 st of the 2nd mo. preceding cover date. Send order and remittance to Computer Mart, POPULAR ELECTRONICS, 
1 Park Ave.. N Y , N Y. 10016 Direct inquiries to (212) 725-3485 



for ATARI • APPLE • PET 
TRS-80 • HEWLETT PACKARD 
and others 

for brochure write or call 

COMPUTER CENTER 

DigiByte Systems Corp. 

31 East 31 st Street 480 Lexington Avenue 
(between (American Brands Bt 

dlaon 4 Park Ave ) between 46th A 47th 
New York, N.Y. New York, N.Y 

in N.Y. Call (212) 889-8130 
tPutside N.Y. Call Toll Free (800) 221-3144^ 



offers which include Printers, Modems, Com¬ 
puters, Peripherals, Disc Drives, Software and 

call TOLL FREE 1 - 800 - 343-8124 



Save On 

TRS-80 M Computers 



PING and a TOLL FREE ORDER NUMBER. 

Pan American 
Electronics 

Dept. 63 • 1117 Conway • Mission, TX 78572 
Telex Number 767339 
Toll Free Order Number 800/531-7466 
Texas & Principal Number 512/581-2766 
TM - Trademark of Tandy Corporation 


Boutique 

Software" 

CPM-Norths tar- TRS80- Apple 
Business-Utilities-Games 
The Obscure-The Unusual and Rare 


Get our NEW catalog and receive a FREE sample 
copy of the next Software Review. Send name and 
address —please indicate computer you own or 
plan to buy. Enclose 50C for shipping/handling. 
Send to: 



704 Solano Ave., Albany. CA 94706 
(415| 527-8717 



HOLIDAY SUPER SALE 
APPLE II PLUS 48K 
$1,099.00 



computer 

FREDERICK COMPUTER 
PRODUCTS 

5726 Industry Lane, Frederick, Maryland 21701 
CALL (301) 694-8884 

^CIRcSI^S^EinNFORMATlorSRr" 



TRS- 80 ® DISCOUNT 



1-800-841-0860 tollfmi 


MICRO MANAGEMENT 
SYSTEMS INC. 

DEPT. NO. 1 2 

Downtown Plozo Shopping Center 
115C Second Ave. S.W. 

Cairo. Georgia 31728 
912-377-7120 Go. Phone No. 

Write For Free Catalog 

CIRCLE NO 133 ON FREE INFORMATION CARO 

99 










































































Length 

QtylO 

Qty 50 

C-10 

$ 7.50 

$32.50 ; 

C-20 

9.00 

39.00 

C-60 

13.50 

57.00 

C-90 

17.50 

77.50 

5-screw shell, boxes, labels, 
product warranty, UPS shipping 
included. Please no RO. box. 

CA Customers add taxes. 






3411 




NEW 

COMPUTER MART 
FORMAT 

3" x 2" 

PICTURE YOUR AD HERE! 


NEXT CLOSING DATE: 
JAN. 1 


_ 


ElectrontcsCbssified 


CLASSIFIED RATES: Per Word, 15 Word Minimum. COMMERCIAL: $3.50. EXPAND-AD : $5.25. DISPLAY: 1" x 2W\ $425.00. 2" x 2W',$850.00. 3” 

$1,275.00. GENERAL INFORMATION: Frequency rates and prepayment discounts available. Payment must accompany order except credit card—Am. Ex., Diners, 
MC VISA (include exp. date)—or accredited ad agency insertions. Copy subject to publisher's approval; must be typewritten or printed. First word ‘ 

Users using P.O. Boxes MUST supply permanent address and telephone number. Orders not acknowledged. They will appear in next available 
Closing date: 1st of the 2nd month preceding cover date (e.g.. Mar. issue closes Jan. 1). Send order & rerm»anro ,n ' otanaifiar 
Magazine, 1 Park Avenue, New York, NY 10016. Direct inquiries to Rose Lynch. (212) 725-7686. 


in caps. Adver- 
ie after receipt, 
classified Advertising, Popular Electronics 


FOR SALE 


FREE DISCOUNT ELECTRONICS CATALOG. Over 4Is mil¬ 
lion satisfied customers. Low, low prices on I.C.'s LED read¬ 
outs, computer peripherals, audio components, solar prod¬ 
ucts and much, much more. Poly Paks, Box 942 PEC. Lynn- 
field, Mass. 01940. 


GOVERNMENT and industrial surplus receivers, transmitters, 
snooperscopes, electronic parts, Picture Catalog 25 cents. 
Meshna. Nahant, Mass. 01908. 

ELECTRONIC PARTS, semiconductors, kits. FREE FLYER. 
Large catalog $1.00 deposit. BIGELOW ELECTRONICS, 
Bluffton, Ohio 45817. 


RADIO—T.V. Tubes —49 cents each. Send for free catalog. 
Cornell, 4213 University, San Diego. Calif. 92105. 

SAVE UP TO 50% on name brand test equipment. Free cata¬ 
log and price list. Salen Electronics, Box 82, Skokie. IL 60077. 
TELETYPE EQUIPMENT: Copy Military, Press. Weather. 
Amateur. Commercial Transmissions. Catalog $1.00. 
WEATHER-MAP RECORDERS: Copy Satellite Photographs. 
National-Local Weather Maps. Learn How! $1.00. Atlantic 
Sales, 3730 Nautilus Ave.. Brooklyn, NY 11224. Phone: (212) 
372-0349. ___ 

BUILD AND SAVE. TV EARTH STATION. DETECTIVE 
ELECTRONICS. TV De-Scramblers. Video Recorders. Color 
Cameras, advanced Telephone Projects. BROADCAST Elec¬ 
tronics. 50 page color Catalog of unusual electronic projects 
AIR MAILED $3.00: with 3 hour audio cassette dramatization 
of our catalog $5.00. Don Britton Enterprises. PO Drawer G. 
Waikiki, Hawaii 96815. 


POLICE/FIRE SCANNERS, crystals, antennas. CBs. Radar 
Detectors. HPR. Box 19224. Denver. CO 80219. 


PRINTED CIRCUIT supplies, chemicals, tools, artwork, plat¬ 
ing solutions. Major credit cards. Catalog $2.00. refundable. 
CIRCOLEX, Box 198. Marcy, NY 13403. 

RECONDITIONED TEST EQUIPMENT $1.00 for catalog. 
WALTER'S TEST EQUIPMENT, 2697 Nickel. San Pablo. CA 
94806, (415) 758-1050. 

ELECTRONIC CATALOG. Over 4.500 items. Parts. & compo¬ 
nents. Everything needed by the hobbyist or technician. $2.00 
postage & handling (United States Only), refundable with 
first $15.00 order. T & M Electronics, 472 East Main SI.. 
Palchogue, NY 11772. (516) 289-2520. 


NEW ELECTRONIC PARTS. Continuously stocked. Stamp 

brings catalog. Daytapro Electronics. 3029 N. Wilshire Ln.. Ar¬ 
lington Hts.. IL 60004. 


SPEAKERS SAVE 50%. Build your own speaker system. 
Write: McGee Radio Electronics. 1901 McGee Street. Kansas 

PRINTED CIRCUIT BOARDS, your artwork. Quick delivery. 
Reasonable. Atlas Circuits. Box 892, Lincolnton, NC 28092. 
(704) 735-3943. 

CABLE TV DESCRAMBLERS AND CONVERTERS. 
Plans and parts. Build or buy. For information send 
$2.00. C&D Electronics, P.O. Box 21, Jenison, Ml 
49428. _ 

SCRAMBLED TELEVISION—Encoding/Decoding. New pub¬ 
lication. Complete theory, circuits. $9.95. Workshop. Box 
393PEN. Bethpage. NY 11714. 



CHEMICALS. Apparatus. Project Books. Wide Selection. 
Catalog send $1.00 to Pioneer Corp.. 14a Hughey Street. 
Nashua. NH 03060. 


POLICE SCANNERS WHOLESALE PRICES. VISA MC 
Phone orders accepted. (415) 573-1624. Free catalog. Scan¬ 
ners Unlimited. 1199A Laurel Street. San Carlos, CA 94070. 


TEST EQUIPMENT, new and used. Catalog $1.00. PTI, Box 
8756: White Be ar Lake, MN 55110. _ 

SUBSCRIPTION TELEVISION EDUCATION MANUAL! 
Two scrambling decoding systems, theory, circuits. 
Decoder dealers listed. $14.95. Microwave Televi¬ 
sion Manual: $16.25. Kits available. Information 
package-. $2.00. ABEX, P.O. Box 26601-P12, San 
Francisco, CA 94126. _ 


Satellite TV 



SATELLITE TELEVISION .. . HOWARD/COLEMAN 
boards to build your own receiver. For more infor¬ 
mation write... ROBERT COLEMAN, Rt. 3, Box 58- 
APE, Travelers Rest, S.C. 2969(L 


POPULAR ELECTRONICS 
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COMPUTER EQUIPMENT 


SURPLUS COMPUTER PERIPHERALS: "Selectric" I ( 
typewriter bargains. World's largest selection. Send 25c fc 
bargain-packed flyer. CFR. Box 144. Newton. NH 03858. 


USED COMPUTER TERMINALS. Printers, Modom. Surplus 
Electronic parts. Catalog $1.00. RONDURE COMPANY. THE 
COMPUTER ROOM. 2522 Butler St.. Dallas. TX 75235. (214) 
630-4621. 

COMMODORE COMPUTERS. Disk drives, printers. Call for 


TRS-80 Model II word processing program. Most Comprehen¬ 
sive available. Many extra features. $325.00. “MICRO". 9523 
Pinehill Dr.. Battle Creek. Michigan 49017. 

FOR SALE: Commodore VIC-20 Personal Computer • 


GIANT SCREEN TV projection system 
sion into 7-foot picture. Lens & instructions $14.95. (Dealers 
welcome). Bell Video. 4616 Belair Rd.. Baltimore. MD 21206. 
PROFESSIONAL GIANT SCREEN PROJECTION TV . . 
Don't be fooled by cheap imitations... Build the best!... Sim¬ 
ple Construction! ... FREE information! ... POLI-VISION. 
168E Dunmore St.. Throop. PA. 18512. 

UNIQUE TV DECODER plugs between UHF and VHF tuners 
on tube or solid-state sets. Plans $3.95: DECODER ANTEN¬ 
NA receives multi-polarized signals. Plans $3.95: Antenna Kit 
$19.95. information $2.00. Helico. P.O. Box 304. Bridgewater, 
MA 02324. _ 

FM STEREO TRANSMITTER KIT. Range up to V 3 mile. 

broadcast quality. 30 db separation. 300 mv audio input sensi¬ 
tivity. Tunes 88-108 Mhz. highly stable. 50 ohm out. Requires 
+ -15V. Complete kit 89.95. Commercial quality AM TRANS¬ 
MITTERS also available. Free info. STELLATRON. 4942 
Whitsett-205. N. Hollywood. CA 91607. 213 506-0415_ 

RvTwiRELESS MIC KIT. Powerful. Compact (2xlx 


iny televi- SAVE HUNDREDS! N 


HIGH FIDELITY 



GET MORE CB CHANNELS AND RANGE! Frequency Ex¬ 
panders, boosters, speech processors, how-to-books, plans, 
modifications. Catalog $2. CB CITY. Box 31500PE. Phoenix. 
AZ 85046. _ 

BOOTLEGGERS BIBLE FOR CB MODIFICATIONS. $12.95. 
CB Radio Repair Manual. $8.95. Lenear Plan Book. $11.95. 
Also Kits, complete units and more. Catalog $1.00 at: A.P. 
Systems. BOB 263PE. Newport. Rl 02840. 


PROJECTION TV... Convert your TV to pi 
ture . .. Results equal to $2,500 projector. 
than $20.00. PLANS & LENS $16.00. Illust 
FREE. Macrocomcee. Washington Crossing. F 
18977. Creditcard on' 


>4 hours. 215-736-3979. 


CATALOG ELECTRONIC DESIGNS. Radio. Audio. Tit 
phone. Self Defense. ALS0100 MPG CARBURETORS. Fr 
details. Peter-Schmitt Enterprises. $143. Box 07071. Milwt 
kee. Wl 53207-0071. 



PRINTED CIRCUIT Boards from sketch or artwork. K 
jects. Free details. DANOCINTHS Inc.. Dept. PE. Box 261 . 
Westland. Ml 48185. 

LASERS HANDBOOK with burning, cutting. Ruby Reds. CO's 
complete plans, books, and parts. Send $4.00 to: Famco. 
Dept. PE. Box 1902. Rochester. NH 03867. 


DIAMOND NEEDLES and Stereo Cartridges at Discount 
prices for Shure, Pickering. Stanton. Empire. Grado. Audio 
Technica. Osawa. Satin and ADC. Send for free catalog. 
LYLE CARTRIDGES. Dept. P. Box 69. Kensington Station. 
Brooklyn. New York 11218. Toll Free 800-221-0906 9AM - 
8PM except Sunday. 



TUBES-RECEIVING. Industrial and Semiconductors Factory 
Boxed. Free price sheet including TV. Radio and audio parts 
list. Transleteronic. Inc.. 1365 39th St.. Brooklyn. New York 
11218. Telephone: (212) 633-2800. Toll free: 800-221-5802. 


GOVERNMENT SURPLUS 


GOVERNMENT SURPLUS! Millions of items (including 
Jeeps)... low as 1 c on dollar! Most complete Directory avail¬ 
able. $2.00. DISPOSAL. Box 19107-HA. Washington, DC 

Jeeps. CARS FROM $35.00 - 700.000 ITEMS' - Govern¬ 
ment Surplus - MOST COMPREHENSIVE DIRECTORY 
AVAILABLE tells how. where to buy - your area - $3 - MONEY 
BACK GUARANTEE - "SURPLUS INFORMATION SER¬ 
VICES." Box 3070GE-33. Santa Barbara, California 93105. 


MAKE FRIENDS WORLDWIDE through international corre¬ 
spondence. illustrated brochure free. Hermes-Verlag. Box 
110660 Z. D-1000 Berlin 11. W. Germany. 
CORRESPONDENCE FOR FRIENDSHIP IN PHILIPPINES. 
MALAYSIA. Free information. AACC-(PE). Box 1542. Canoga 
Park. Calif. 91304. 

PENFRIENDS — ENGLAND — USA. through correspon¬ 
dence. Send age, interests. Free reply. Harmony. Box 89PE, 
Brooklyn. New York. 11235. 

CORRESPONDENCE for friendship! Mexico. Philippines. Eu¬ 
rope. USA. Free information. International, Box 1716-EL. 
Chula Vista. CA 92012. 


INSTRUCTION 


UNIVERSITY DEGREES BY MAIL! Bachelors, Mas¬ 
ters, Ph.D.’s. Free revealing details. Counseling, 
Box 317-PE01, Tustin, California 92680. 

LEARN WHILE ASLEEP! HYPNOTIZE! Astonishing details, 
strange catalog free! Autosuggestion, Box 24-ZD. Olympia. 
Washington 9 8507. __ 

LEARN ELECTRONIC ORGAN SERVICING at home. Com- 
pletely revised course covers latest models including digital, 
LSI's, synthesizers, etc. NILES BRYANT SCHOOL, PO Box 
20153. Sacramento. CA 95820. 

MEDICAL ELECTRONICS TECHNOLOGY, home study. 
Troubleshoot medical instruments. WTI. P.O. Box 124, Pine- 
dale. CA 93650. 

ELECTRONICS COURSES $35.50 each. Write for free bro- 
chure. Electronics Home Study. Box 1974B. Fargo. ND 
58107. 
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N BUSINESS. Send $1 


BORROW $30,000 without int 


LEARN BASIC ELECTRONICS ea 


10 How To Company. P.O. Box 2592. Newport Beach! 


FOR INVENTORS 


PATENT AND DEVELOP your invention Registered Patent 
Agent and Licensed Professional Engineer. Send for FREE 
PATENT INFORMATION every inventor should have. Rich¬ 
ard L. Miller. P.E.. 3612-E Woolworth Building. New York, NY 
10007. (212) 267-5252. 


'ashington, DC 20036. 


INVENTIONS WANTED 


FREE CONSULTATION 


NO IDEA TOO SMALL 


lyn, New York 11235. 


MAILORDER OPPORTUNITY! Start profitable home busi¬ 
ness without experience or capital. Write for free book, case 
histories, plus complete details. No obligation. Mail Order As¬ 
sociates, Dept 602, Montvale. NJ 07645. 

WANT YOUR OWN RADIO STATION? Investment/ex- 
perience unnecessary. Free information. “Broad- 
casting”, Box 130-A1, Paradise, CA 95969. 


Assemble electronic devices in your home 
Knowledge, or experience not necessary. Get start¬ 
ed in spare time. Turn your spare or fu" 
cash. No investment —Write for free d( 


tn Post Office. Hong Kong. 


COLLEGE DEGREES BY SPECIAL EVALUATION of EXIST¬ 

ING Credentials & Job Experience. Fast. Inexpensive. (614) 
863-1791. Guidance. Box 13151-A1. Columbus. Ohio 43213. 


BORROW BY MAIL! $500.00 - $50,000.00. f 
credit no problem!!! Write: Gelco Financis 
34293-CD, Indpls.. IN 46234. 


Servii 



to understand booklet. 


Stamp industry ne 
Room RC-376-LA. 


»n hour. Spare time at home! Rubber 
small manufacturers. We furnish all 
tow! Particulars free! Write: Roberts. 
2 Jarvis. Chicago. IL 60626-1997. 


PROJECTION TV ... Make $200.00+ per evening assem¬ 
bling Projectors. . Easy... Results equal to $2,500 projec¬ 
tors .. . Your total cost less than $15.00 — PLANS. LENS & 
Dealers Information $14.00 ... Illustrated information FREE 
... Macrocomceex, Washington Crossing. Pennsylvania 
18977, Creditcard orders 24 hours 215-736-2880. 

EMPLOYMENT OPPORTUNITIES 


EXPERIMENTOR ELECTRONICS, few hours a 
inventor. Radius 50 miles. Winterhaven. Florid: 
Dorset. Vermont. 


NEW . , FREE SPRING CATALOG! Top real estate va 
coast to coast! Please specify type, property and location 
sired. UNITED FARM AGENCY. 612-EP West 47th. Kar 
City. MO 64112. 


RUBBER STAMPS 


AMERICAN INVENTORS CORP. 


'HAVING PROBLEMS WITH YOUR DESIGN’ We specialize 
in providing you .with professional technical assistance-by 
mail! Send $2.00 for d etails. Omnitek. Box 50546. Tucson. Ar. 
$10,000 plus royalties for usable inventions. Rob Marcum. 

General Equipment. Box 37290. Louisville, KY 40233. 
(502)969-2386. 

BUSINESS OPPORTUNITIES 

FREE CATALOGS. Repair air conditioning, refrigeration. 

Tools, supplies, full instructions. Doolin, 2016 Canton. Dallas 
Texas 75201. 

MECHANICALLY INCLINED Individuals desiring ownership 

of Small Electronics Manufacturing Business — without in¬ 
vestment. Write: BUSINESSES. 92-K1 Brighton 11th. Brook- 


RUBBER STAMPS. BUSINESS CARDS. Many r 
ucts. Catalog. Jackson's. E-100, Brownsville Rd.. M 
III. 62864. 


BOOKS AND MAGAZINES 


LOTTERIES make some people millionaires, so can micro¬ 
computers. New publication shows how. $5.00. NEO PUB¬ 
LISHING. P.O. Box 1368. L.I.C.. NY 11101. 

CONTROL PANEL APPLIC^IO^neiisletter^^ 

lication packed with information and new ideas, sources, fea¬ 
tures. and plans. Annual subscriptions $19. TDSP. P.O. Box 
329. So. Hadley. MA 01075. 

THE MASTERMIND - The art of trouble shooting in engineer¬ 
ing. 120 page manual. $15.00. Free info. BOTTAI. 4020 Bran- 
dongate #10. Malton. Ontario L4T-3W8. 

MOTION PICTURE/VIDEO 


VIDEOTAPES - 8MM 16MM MOVIES. TW0 72 page ca 
logs $1.00. Both $1.50. Reelimages. Box 137-PE. Monrc 
Connecticut 06468. 


o: Ruben Del Castillo. 1700 Bradley St 


MISCELLANEOUS 


(Hjcfnlogy today CASSETTES 


To obtain the Psychology Today Cassette cataloe 
FRES-OF-CHARGE, mite to: CASSETTE CATALOG! 
- P 0 - Bo* 278, Pratt Station, Brooklyn, N Y. 11205., 


Popular Electronics 

ADVERTISERS INDEX 


10. ADVERTISER PAGE no. 

Albia Electronics.1.19 

Active Electronics.91 

ill Electronics Corp.61 


Apple Computer.Cover 2, 1 


Cleveland Institute of 
Electronics, Inc. 


CompuServe... 
Computique.... 
Commodore. 


Edmund Scientific ... 
Electronic Tech. Insl 


lb Co.36, 36, 37, 13. 17 

lett-Packard.Cover 3 


MFJ Enterprises.83 

McIntosh Laboratory, Inc.16 

COMPUTER MART.99-100 

Mini Micro Mart.79 


National Education Corp.... 

NEC America. 

Netronics, R & D Ltd. 


Quest Electronics.98 


Simple Simon Kits.70 


Discount Stereo.44 
























































































































































































Personal Electronics News 


DATAPOINT COMPUTER NETWORK allows multiple computers to be United into a larger 
system by using the Radio Shack TRS-80 Model II. Called ARCNET, the system is based on 
Datapoint’s Attached Resource Computer (ARC), in use since 1977. In the ARCNET scheme, 
multiple TRS-80 Model II computers can access common data bases such as accounting, word- 
processing information, or electronic filing systems; as well as share the use of peripherals. 
An interface card is required in each networked computer; it installs in existing card slots in 
the rear of the machine. Cost for the card will be around $400. A junction box for four 
processors will cost about $200, with larger networking capability available for more money. 
First delivery of ARCNET is forecast for the second quarter of 1982. 


FCC KILLS A GROWTH PLAN that wouldhave put hundreds of new AM radio stations on the air 
try reducing channel spacing from the present 10 kHz to 9 kHz. In a reversal of its previous 
position, the FCC commissioners overturned their unanimous Dec. 1979 ruling permitting the | 
expansion. The reason given was that the conversion could cost broadcasters up to $40 million 
to modify their equipment. The National Association of Broadcasters has expressed support of 
the new FCC ruling. 


SONY’S MAVICA VIDEO STILL CAMERA does what no 
still camera has done before. It eliminates the con¬ 
ventional developing and printing processes by losing 
a CCD imager to record pictures on magnetic disk. 
(Mavica stands for Magnetic Video Camera.) The disk 
can record up to 50 still pictures, which can then be 
played back immediately on your TV receiver through 
a special playback unit. Each picture can be accessed 
directly, via a memory function. In addition, the pic¬ 
tures can be dubbed onto a videotape or transmitted to 
another receiver over the phone lines via a modem. 
Continuous recording of ten pictures per second can 
be obtained, and speeds of up to 60 pictures per second 
are said to be possible in the future. Also in the devel¬ 
opment stage is a hard-copy printer. The camera itself, 
including battery, weighs about 13/4 lb, and has the 
dimensions of a standard 35-mm camera. The Mavica 
should be available in Japan in about 18 months. 


‘NETWORK OF THE FUTURE’ is the trademark of National Entertainment Television’s (NET) 
new service. ATOT will provide the satellite link to regular TV stations, cable TV, and multiple 
distribution service pay-TV carriers, as well as to apartment complexes and individual homes 
with earth stations. Scheduled to start in the Spring of 1982 and planned to air 24 hours a day, 
the programming will include first-run movies, news and entertainment, talk shows, call-in 
shows, and commercial-free educational programming for college credit. NET has also filed 
with the FCC to provide teletext electronic newspaper service, with 200 pages of the latest 
news and information. 


INDEPENDENT SOFTWARE WRITERS can now sell their wares, if acceptable, through Hewlett- 
Packard A new catalog is promoting software for the HP-41 programmable calculator, and can 
promote your software if both you and Hewlett-Packard agree. 


JAZZ AMERICA, which has been airing on PBS since the fall, is the first TV feature to use digital 
soundtracks. The series comprises current footage of jazz concerts, as well as rare archival 
clips, for what will eventually encompass the entire history of jazz. Final mixdown of all audio 
is done by Master Digital Inc., using the Sony PCM-1610 digital audio processor. The Sony 
system incorporates automatic SEMPTE time code—permitting extensive video editing and 
simulcasting of stereo audio. 
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FRIENDLINESS. EXPANDABILITY. 


Informative HP manuals, 
helpful error messages, and 
automatic syntax checking 
make BASIC language 
programming easy. 


FULL-SCREEN EDITING. 

Edit the easy way - without 
retyping entire statements. 
Insert, change, or delete 
characters at the touch of a key. 


Just plug in the HP interface bus 
(HP-IB) and add up to 14 peripher¬ 
als without disassembly. 

12-DIGIT ACCURACY. 

(Not just 9!) Thanks to 
BCD math capability 7 . 

HP SOFTWARE. 

Powerful, time-saving 
solutions to your 
everyday problems. 



PORTABILITY. 

Keyboard, CRT, printer and 
storage - all in a 
20-lb. package. 

So you’ll have 
computing power 
wherever you 
need it... office, 
- lab, field, or 
‘.'•f*"?home. . 


INTEGRATED 

GRAPHICS. 

Analyze a better 
way - with graphics. 
Document your 
results with 
hard-copy x. 
plots. 


Hewlett-Packard 
put it all together. 


The HP-85 personal computing system. 

Leave it to Hewlett-Packard to put a lot of power 
in a little package. Plus flexibility, portability, and all 
the other features you’d expect to find in a personal, 
professional, integrated computing system. 

Turn it on and the HP-85 is ready to go. You’re 
off and running using HP software or creating your 
own programming solutions. There’s no boot¬ 
strapping. And since the operating system and 
powerful BASIC language exist in ROM, they use 
almost none of the available RAM. 

If you’ve been looking for a friendly integrated 


computer with power and dependability, look at 
the HP-85. 

We put it all together for you! 

For further information, phone toll-free, 
800-547-3400, Dept. 254E, except Alaska/Hawaii. 

In Oregon, call 758-1010. Or, write Hewlett-Packard, 
Corvallis, OR 97330, Dept. 254E. 611 ' 22 

When performance must be measured by results. 


hp 


HEWLETT 

PACKARD 
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Give your system 
some NEC, and watch 
its performance soar. 


NEC's crisp, clear, high-performance JC1202 NEC's classic green monitor, (JBI201), one of 
RGB color monitor, an industry standard. Also microcomputing's performance legends: Easy 
available: the JC1201 composite video version, on the eye, and the checkbook. 



The impressive new NEC dot matrix printer. Parallel interface, 100 cps, 2K buffer, pin or friction 
feed. Stunning performance and versatility in the hottest new peripheral of the year. 




You don't need an all-NEC system to benefit from NEC components. 

Owners of Apple®, Radio Shack®, Atari®, IBM®, and many other microcomputers 
will find their equipment to be perfectly compatible with NEC's famous monitors, 
as well as our highly-featured new PC-8023A dot matrix printer. 

Ask your dealer for a demonstration. 


Productivity 
at your fingertips 


NEC Home Electronics USA 
Personal Computer Division 

1401 Estes Avenue 
Elk Grove Village IL 60007 





















